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Fig. 3- The proposed pathway of ganglioside biosynthesis using exogenous acceptors. 
At each step a nucleotide-sugar donates the monosaccharide catalyzed by 
a specific glycosyltransferase. Cer, Ceramide; Glc, Glucose; Gal, Galactose; 
GalNAc, N-acetylgalactosamine; NANA N-acetylneuraminic acid. 
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ganghoside; GM3 and GD3 are also called hematoside. 
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Fig. 1. N-acetylneuraminic acid. 
t ^ t o tiittbtoF, oi^ioUlly alalia* 
OBffo «9 tib0 QQtIfa aoQon* filo^ doll Galj^ fie «f» dmittd Igr OBP» 
^xivaldwi' lAsMRNMi ' I I& oaM8 ffeoa tte C ^ itfiaiiMi t«tftiiiHlttft*« 
&t«3rt|i^ ffeeo fl«aBiao« l9AoapEl2»flit of t l i * gm^^loaidp 
oootiro b^ l&e <»(id»i»d «9<pK«yial gtj^ aw;isf3j8Moa of Wt mmt^lxm 
0L^9aliAs&&i e«k&|sodi tigr» po;^ of oiiipm} oaSUod ^oosgrltfano* 
fiiraaos* oBODirdiiiKi to tho i^ !iA2oidQ^ fQfi0^iKit«' 
oodootldto 
(^aoo 1 ^ vA$sae Main gn^^UoiddBo tstam %tii giiijBiBlkiWfi. wuBLthaa 
iud asdt of HiiB I M O OMM tliSQ 000 i^ UdsA tt^ASoa tiMi tsslolooBe 
of t»o dlf£tof^3t plttc(feoo^ tfiiQii^Bittais ioS timm t^MX^tgamm 
Smmnti bm \»m ix^Samii {»st I t i a not kpism lAiithar tlojr 
jp&pmmB^ ^LUtitmi^ l>iols9it»« Eafil^  of Um tieosDMNOM bat 
I t a oyo osKUatol oBntatgono of ooUvUsr «ad tfabstviito as^oelOoltsr, 
of tsftjor gmgfUoaldoo of Inevkls itm 9mm$j3» Iiooaa oa otad&oi 
miog vmmmatt met^em aaH^ 0a@w aodooti^to In 1 ^ pvoMBoo 
of #Foo^t«iiiQi3fiifa«iii of iKfilii siirtlecaAtt ISrooliloat <IS|I9)« 
pilbin^ Qvatiflfwa miA$J$f in tb^ poSat of l3ill»oii^toa SB» tlw 
^tt^oitft of 0I)||| an^ Q%|y fid^ioiiaosi 0idUig mg^^mm wotplovs 
tbo petixiMiif Mi^ ife&tos a* ^ l.«iriil of (M^ po^Uoalte liiotow In 
Hid oa@o of oaSogiQiKio onsi^fo (H}|D gao^lotldt mM l» 
i^ 3«£hailtod ftoo GBx (pi^lloil^o* il do^itUi^ «oagiiot> of IboiO 
fliefo io QOBfiaesEdsio e^m&skim ibont tbo ooboalltdar 
of g^ >n^ f.i?al^ toff» S^ mif In tfao I^ Eiiii ofKlKioo IIBO IMNMI oiOMitifMS 
1)7 vofloas nDftcBiis ftpx^tag t l» oxUtanBo of tl» oiotliille 
osHIS e^ in i3gDi;p>l«N3fao8 (8) ea& OH^ Baraoe^  soboiayisaor oifamllos 
miEsolj^  ftTQs^o iMBi?«anof» nloiosoais car golgl ag^mSism U9i89>« 
3|]«R» to bQif««ir a loojli (9(»siil«iliiQ botinoQ tiso ooaean^ w^felso 
of ®aa#i^dos «ul tlo l«9dl of Ij&o^^tiiotto eiugmwi* ffao oilsliiaai 
liq^ttealo of ^ o;^ l0l(W»» of *m^ti0^^im9^tmmi$9tm Viit^exfl 
iMob tj;iitebo8tii«s Xb& @ia#losiai bgr tbo otopidfio id^tloQ of 
tSio inlividu& sQisEiS^ f ^aopoasi tuf Qc^ aBW (8) nao botoa oa tto 
®3!b»illal0r tg&^&jom^ She estQleoe® of ^ liiltisiiigfsai em^imi 
btts also |}0«!k isip^ soitoa %^  otber iw?iG^ rB (19f ^ ) * 
vax7 to «^^ I^ R^ ii»0D* or aitao^ia&dia to ps^^MdNxiaitt m& 
Doi to tba poet a.<raixsc&t^  io tUm lot«I ooE&ft of oac^siiidimto 
ODlts attatdjoS to tl»» poIippMao l»G«ito9»« ^ « mHavo ana aaqptooa 
of aoasUttMot aaoeaaocfeaii^ g aaS tipaa of faofl^ let i ^ murioot 
^»m gl^ QopfotQlQs i% is aifSloalt to b«fa a psaelaa ^Haitlon 
ior ^.^^m/teitm Wamtrnpf t l»r iic9 dtmmgbmdmtA m eoa|3@al«l 
oan 
hiilv&aaociiQtiiiC a)« 
I D ^%» of t i» dteoaflfiiiao of tlw ail«l«we of oonralof:^ 
aife i^ited ssotilii In isiO(@aijaiodbail49S or @iotaeM3i90fini of 
cogBf)otl.iro tlaexMo^ tbsf ooottaaa to f» wasiSn^ m a a^aiate 
p R ^ (90)* jbo Bila ^fliif«i»9 liotwao Umm mt^pam&a, ••g* 
«^»»iiiDltl& Mi l^tot te^M^fa Mid iiisafeoMill^ta^ tod #|«Ofii«t«liia 
d99oxibo4 aaiSLior I0 ttn^ ths Ibiaar ootu^il af IOE^ oHcloii|af«to 
pcO^ acHpa (eoataliiiiii «ioiit t^ iaxlxai aoaoBaodnal^ aa) of nipaaiiiiig 
^saodnxdUift oaltay oftaa oinitfiJiQliiii asoato aoM <iiKl KtSLi^ Mta &&^^f 
in c^atooat to j^Toossotsliis iMc^ poffiwso a laio^ ffBolljur aaitio* 
l^ TSiata cib^ ya taaglag J^ tM ozx> to «teilt i f iic8io«acebart,#it idtb ao 
osit^iSQ, o£^ Qfliy OiC| tji>«^t Gle3ie» Q« l^iie« !>«aaiHMi dsan t^ 
laaouQ tQ «Kl«t to glios^iioti^at (Si)* fti9 ol«Ueii «Bld ana X^tamm 
aoietUio fdlnap ooet^ »tmsiQia. pt^ltloa is ilia dUipgwfiKMitdd 
dtaiQ tfltl) tlittir nSD^og «ad g3goo8l<SI^ >|r IttSsid i ^ ^ tli* 
pematlBttto f«i&#ui «kl8h is ostallj a«l or !k>m^^l^tstmm0$m CaEHIS)* 
fHi^loi* «3dft9 to pmtm&^mm vlktmm h^mmsom 1$ a gimt 
^oopmtdya QoosUtosa:^  (Sl)« M i tfi^ salons tie osoiaii^ j^liidw^ 
os39pit im ^Mah isqottall^ oO-liaiaia ^s^s^ mm t lws VIBII t to / 
t i ^ tofotnail posiiloQiif fit^ e8sc^ sl4i ia ib» ^looi |^ i«&|) guli^ a&iets 
Ui^oljr (Sa)* ^ ^ so^ar Gmtos& of ^^ lafioas i^ ifoopeoMUit v«tea 
d»o o*S^ io iow osMag^m t<i as M ^ t0 8S^ la ttSeod @eiii|^  
«iftgtam»a (1I9)« IS^ IdootZar iii^#te e£ l^fqBS»»t«iQB 'vtrjf 2^R» 
18|000 to cwor a etllllsg^ !*t»gr «SIIS^ not «aS^ in iti» auHavty 
QSBlioy Midi OKpBied naS wwnwnffl^ feMldia oc^stc^ &a(& d.io in tixi 
totfiS. tsB^r of fisitotis^n^ dmiiis PHMIKS^ S 1 ^ aoi^ gl^oo* 
pscttoioe ISlBB 0Vi[f4liaifaQt itufi tibeoEitelldWK^  B of tiiiriLiiii pwnmm ato 
of aayil aoiloisftAP %KKt<^ t9 i!Hffl^ %ffil*?l.fiE[ v^f VS& osslol^ diiMio iSbiiii 
pat a^ U)oalO0 vfcwreoe ett»fs l ito ^mmp waSmaAXk^m ^n^ixk 
(mlsaailUff uaid]^ 1 fllllffli) izo iofiit @iiS oooi^ id^  as wKasf as 
000 (^i^botisiiln^ dsaiiis In <»i3b iB0lo«a3le (99}« 3s9 ^eap ffib<» 
caadUlaiqr isieisi bas ool? a ^sas^Nit^ as tlis pmsUssUe po:^ 
iMob «3dsl9 oStof a g ^ of &4 ai£t» ac&Os «loa^ tb» Isoglfe of 
pfe^ai^ In n Q l^foppstift^ toy tl«»i» Is ae ti0& t^9 tim^ (!» poiafe 
of o&toeSaaKb of tite ofaiMib|i^ Ri«i «Nlii to tlio poSsTpaiflldi* Bommm, 
a fiSsQioagli fltffv^ of oxltfUiig lao«3ad^ tiiiotib t ^ it^motoro of 
vajrioat gljreo|»olalQ9 t«i f«v»aloi eoit@lii (toiaolOsidUo CM a^sos 
of ^i^potdlBS* Of «U tl)o ooafUtoKfl aotoo «(^^ of piotoin 
oalir ll*«o £m9 !)•&» kaam lo gv^ttii idtos fi^ tte oovid^ ^H Ma3Sii@ 
of Q»t)(^|^ratd dtmim tSaam^^ tte SKSadog ooS of tlia oofo sugar, 
%ih9Xoa8 ttio xo0t« &4i^3ioi^li4|iidiao AMI Mi|$lfei^ ?pfQ2lii»t art 
b0ttf9sii tboso oidao 1X^ 148 9Mmp% f^% mm of titm mm to tm 
vto^ted 00 tlb& baslo of ewidtf^ looax;^  mmA§ {^)» 
ftinv a n tw m^ ^rp^ of ^|09il<llo Holsipd twI^ oKi 
Uo fftgur liQ^ aooi|>to7 mig» aoia of tlso pototo ooaaa^ y @*^ o^o» 
olOto « ioraiving 60^ 8X10110 oiil O -^^ jioogl^ le «» iORmli^ iiis tim 
b^ditn;^ eitKip of aoiloii^ tisraoatiaoi bsftitosi^ X^ i^ Uio ina ttg^ Smisf* 
pxolimt SDiiF ^ if£^ olgi^aotttilar ia tl^Ur c^ttloal c^ofo^o-
fifUoSf ei)eolfl&2^  ia ti^lv sosiiilwaod to asia aoa tmm t^i&xo^ 
6 alo80 eaamlnaMon of voiloiis d|«Bp{otoiQ@ oootaiBle^ 
aliaiS^alt^ ef ti» ixil^^wntxiod of mj^am^^ to 1I1I1& Hio ngav 
i s UfUBMSf ffaii oooMii ieqpBaQo JM»i®<lir or i&g»*S»^ )r m» HDliood 
to j^«Q9saoteli]0 ;KBai t»ilfl(i8 msxema to viil<& «l» eofboibgrdpiio it«i 
i&tttoliodl ^ J^^ I tmiag m^ e^m mM (3I>« SMo 1<3^ of clffiot^ FO 
%im psogomd «o ItMo tiio tOms^^m^a of Hetai ^ lo to Som o tasftliogKi 
teoa tedMOQ tbe oofiioois^  of aspftCQglQo aoa Ito Mwoo^l poop of 
£kiP OIT !il3lV t o XVldllQO tllO OOidIO dtaflOdUltlf^ OGMtUltal^  o f t&O «iia*A» 
gSK^ Of tta smgasa^^m fosMi^ tlson^ Ci^Ut«tilag tlio w^n^kmrnm^ 
Q£ omoSUm a^ dda Iss^ iiopQS U^  oapir (88)« Bouoi^ Hrp 90m mm^$om 
to ttilo @9i»foiisa61i» em laasim {mU ^ ^ o^ ao of t{3» i^stiotiisvl 
^idlozitloo in £^ 2|Qc^ iot9$ii8 o£o az^ ¥iir89& o!ao£# €0 £3«il0t tin 
fg&e of o mBiQm% pm^^ m 12» b«^s of l i s psIsiBi;^  stKnetaam oa 
to \$x^^v It vi l l b3 §^^ms^s^mk or oot* 
iiaother c^tixsoliiiiitio twalisaeB of Asoossxtlsotin otroBtesni 
io {iiosi^it«n^e!»it^t a tei© Hiit i^l^ro to tli© soao ^^ki^opsoMka 
l^ fiQOiQfifi^ toa to fai^Sag (iopeooo* Ittam aso ao«9S«& o x a ^ s of 
this ^bmatmxm^ m^ ^mg h&m ^nam dJocaaaoi la ditali (8i)« ^m 
^0^000 tmsaXlg m0k^m& to ttds Ts^memam mo jaowi^ato {pyoo* 
egiotioQ &fflz^ bio«E73t^ o«i9 axid iaa»apl«fti» ^si^sm^&Jkmt 
itso i^ Lospiill»9Sie of pxotoliit tlio %aolteao of ^^oopsotoia^ 
tatos i^«Qo b^ tbe oas^ sin;^ t o e ^ t o mt^mdm ^ ti& » a ^ 
(ssloplaffiio fo^oolas ivreepsetiw of 0al»9<iK»2it ^ooi<?^(tloo« 
ttiiol) 69009 to ooQor mlf «k£tor i t ban teoa folofiMsS Drae Uio 
Fig . 4 . Diagram iUustrating the biosynthesis and secretion of soluble glycoproteins m liver cells. 
The polypeptide core of the glycoprotein is assembled on ribosomes m the rough endoplasmic 
reticulum (RER): some carbohydrate may be incorporated into peptide at this stage by 
the membrane-bound glycosyltransterases. The peptide is released from the ribosome into 
intravesicular channels of the endoplasmic reticulum and traverses these channels from rough 
endoplasmic reticulum to smooth endoplasmic reticulum to golgi apparatus. Sugars are 
incorporated sequentially throughout this traverse by a multiglycosyltransferase system f i rm l y 
attached to membrane ' T .^ 2^ , T^  . , .Tj^), The terminal sugars of the side chain group (usually 
sialic acid fucose and galactose) are incorporated into glycoprotein in or near the golgi apparatus. 
The completed glycoprotein is packaged into secretory granules (SG) by the golgi apparatus; 
these granules then break oft the golgi apparatus and migrate towards the plasma membrane 
(PM) . The membrane of the secratory granules fuses wi th plasma membrane and the fused 
por t ion then breaks down to release glycoprotein into the exti-aeellular space. ( # . GlcNAc; 
A. Man; A , Gal; V . L-Fuc , ID , neuraminic acid). 
Adopted from Ref. 37. 
wibomsaa {MU ^ ^lalloa wmim oS w&tf^m ioiODai&loa (S3)« 
tm^mat0 aisus mmi0msiil& ootstiofoys^ m to ilwt^ar Um B^ L^^ eo* 
sidto l i t ^ i ^ botHtoB Glamo nod s^ i^draf^ Uw of |)ifotai& t9 SotmA 
\3&SQt9 or aft«r the eas^ As^ ioQ «a4 tl» vs&mm oi OABoeat panstoia 
£!R>{3 tte silx)«0!9B* looQipMWlSjaEi «tiixil«t idtb w«Mo&tit$sm mtgao 
liim Qimmf aalf Ump tmk m& i^fm ijMmiM tlMKb m oaftU iBo.sat 
of QliMa UaHa tioSsm tbs nesonst ^^gsgUMo Is »^to«Ma £tee 
t l ^ ribomm^ ilnstlo ^alA of tl)9 isxmvgofsSiAm of a^98o ooprs 
6(to0i8t a^8& t£» 8ai^ 3a<pQQt oxtlsrli' eocji^ gifelia ^sm^lM^^m^ 
(^ tnmaed t^ t2^ tpoolllelt^ of ^ i ^ t^ t lo eosposy giot» oiIi^)» 
oae»£iaii(a» dutlos of i^ oDpiotkaiQ tM2o i t t»»;i»t@mi ISmt n ^ to 
QQO0t^  oa0oploa@io xotl<^aB i ) ^ g>3^ ^^ i^sitoSy oewt^^fU^ 
xoadiiQc: ^ ^ tasolQal pocd oflor t ^ «a^Moi3 of i3s& Im^ sopor 
ooiotjr. fbo Qottspo of tl» ton^ Utoyl iiool <l9pe»l8 q ^ tl2e Utaiao 
oa^&f QQQi^ dtiiK&ifmf Itir «SBW^ Ibr Wm^ it is 0ism ^mma 
^nr tltj^ioia i% 1@ f^s^ogloMta etoswl la tbo eoUol^ 01^4 
^JogrwfltlfiaaSy xi^ s^^ ax&o $ ^ oeq^aod of ovoots timt tsto j;&ao9 
^}fSx^ tiso Moflpt^aio aad fitefsitiai of eolaiaid ^LymgaK^tAsmm 
Ibr ^m IcdUea i^j^ss^otliii of i^otetti ili^e ^ U|da 2&!^^ 
lQ)iosma«lto eof«o 00 tl» l»o<3lalo psmxm^ of eosMiixiKto 
i3oiotloa C88»39)« y ^ ii|idba timt ai^ nros as tto iJS(%«a9B^ U^(l« 
eanlor of ^)» m^ oolisUefl ^i^oam ^ bt £^sei^ ti;a? f^il>t(l 1.9*^ 
0koi|)bsto*» Utsaios m a iraiis^ of o^^Eo^tio 9^i^m» tarn ^mm 
iim tbotr r<i8peoUf« aoeliotadft 4Ml«att«ia* ^iSt ^ c ^ X|9l tMiv* 
bOOQ IbSBKl to btt HlftMl hfW A SGOQialKMKSltiiC b t i ^ ^ tO doUdSOi ^ I t M t t i 
livor («}} md tod ovidset (41) m oUgtmedtmiiS^ listed to doliefeeCL 
|S9nE«a «a l^oo Ik^ Hpil4 to psvlsliw ISsNufilw s t d ^ t «f» oMdid, 
tftxQotoro OM tiolas ossttlittiidffiS V I A OOISIXP'IKIOI. iiiiiBi4 <it tflcmnrfMHirToi 
Qoljil «^x«&33» oeaaiiftliis of ft 0m^ oit AM^taooos MOO, 
or &. coi^a«i oi? istesoQiiD9<9l&B® a«{alr«»9f l ia io ft ooa^csi m o la 
t ^ MoiiFQflisoeie of ooxSioljs^ S^rsto cMaa of #]roi^pn'6«lQo» St i e 
e&oo itsvolfftd io tho poo^a^aa of lotgaeollttatoi^y pie^ioia wum^ 
•olo^QO« 'ihosoj^fo I t fdootlocio to t ^ liSoiQfslliMilo of floXolaaio 
^.j^tQ^iotoSas OS nsiU oa l a ^ o SitamMm of miGkatmmBi^ tooltadliie 
tk>ao of 8«ofQ^ flod ao<»0tos7 iri^ioaeo* m «t«footl«i fio^ Ibf 
^m oggsopsHxi^ lilacoaeafeo of i^lj^isoMso mAa i i l ^ ^&l&raD(& 
Ooottoioa^QaQea? <• eoltMo oaa soistawiB bosetd, tsao teoo ^UKKunoa 
Di- and trisialoganglioside (GD^ .^ GD^ tj and GTi, 
Neuraminidase 
Monosialoganglioside (GMi) 
3-Galactosidase 
Tay-Sach's ganglioside (GM2) 
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Neuraminidase 
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I 
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Fig. 5. The degradation of gangliosides catalyzed by various enzymes. 
13^  ^ iniv» j | £^ {^SU '^^ «n» \tmm to bo f»|]|^ p«(li iidlh msxsam 
to tl^ &r ooaftittUJEsi^  tai^ xnosi^  Stei on^ tor wstssik flOffiH^lf^aty i4tt)i£i 
tl2oiir bo^ HftSp tb»j pcpffitiQ aa ictivo a^gniasticm of tin a i ^ i M 
tliot ip QlUses ^&mA0f ot «t^rl»a£ti«^ led oaipsifwl Ibt tt» oodl* 
o£ l^oaom at9 9fii$lsS:&9 (4i)» £ie»9t o£ tl» &|aiiol«9i9 baSoaglog 
to tills aabMSlglay is^ ipttiaiHo iribuvi csi^ ietsdiii itsimolosiyiSilod 3Ute loi^ 
^ ointiipsy rogtfltaaoo to eato&^Lff wd |^Q0|»!Ot^Uile nsmrtb 
Q!ksmtMam@ ^eoillo Ibt <}lae»t e^ txsr mgm w& mamAe 
00 tiioso otpoisaiQ of tplittliai ^» ^a^^isOiie^to^pioliia limoapsy 
nms^ P'^^JosliBmmt 4*«l<»a^?wptggiilyqo^«slna «lds» lisr«^ liolft8o 
€£iEl o>saxy9N}«aoo^plaelos«iQl^ (p^ o^ofaaiiixolaset Itaro twoa loocted 
fM l^mmmB i4>%4&U '^^ t^o^ emlo tMm^ot^saOm tSMm of .^j^ oo* 
llpld0 m^ {^ ^QopsotolQS IQ a 0t«pid8o nsmss staartSog vlttj tliB 
tOISi&id ffiHISr € t tl® {19S>>l9<|lMaf-; Oliltt HSO PfOdGUSt o f Ceift (HIKiSB 
oeit&oa tsoBaiao tbo at^ bstfoi^  £b>r aiao^ oTy tSlI tl^ last l^^ qesSMo 
2l» dogrodgtlo:! of ^ii^%iask0m in tJ)o braia 09 ^oeMsKoa 
^ ae^t iKia Mo QouDT^ ite (47) 10 <^^oloa la tl^ flg«s» nil tl^ 
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(9) o(-L-Fucosidase 
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@ Cothepsins A,B,C and D 
@ Collagenase 
(13) Arylamidases 
(G) Acid carboxypeptidase 
Fig,6. Hydrolysis of glycoproteins by lysosomal enzymes. 
Adopted from Ref,45. 
obaxfotoKlsUos &i X^msomtL 2i|#ol«i90 sua Ikooi nmaaim tA»mm» 
mm ma aoUeod to tisvo oodtoi^fDosiaaM aetivi^y* }^«9r ii««t twtn 
m& U tsxem to d&gfiaa polirBlalo@aQ^Lioel4i9 to ( ^ pnggltotlda 
(43^49)« thm au^^esfi iii«olf«d i n ^ » h|dvs^|8l» of ^ a i l t o s l # » 
I»f9i»33 tttioi^ sQtetrsito ifpBOlAoll^ tdlb Ktiqpoot to t2» aooo* 
fiik9dt>oii<lo to tx^ fH&smA^ ^otf ttio IMao sslnofeono aptotttn pKOMO^ 
in eaa|oi^  bfs$jx gan l^gf^ lt^ #gy tbe proiiBioo of l^ w ^^os of pdlaolo** 
sidlasoo h«0 botn iogilleati^ CSQl* UJasilao a (EfSotisst neiiiwiAQlisao 
oiT l^aoa^ii3l oxigli% tliio t ^ m» ^msmm& O U ^ I M ? l»8 bMm o^fmQ 
tfjUnocfiiavl^ lo sad id^ lo iOli3« 
?ig»6 aSioi» • tit«efltl0a2l|r ytmn^Mm eaepSoto t^og^ cB^ sittoa 
oiT t l ^ cas&maosimAiOo oltalas of » ^s^^ollailletl ^$mgiw^la tlsat 
itOGil.ffl^ itff a l l tabo dlfl^ KBMit IdUs^ of Ifyfiif^p fliltib 0X9 koeiia to 
cadUst to ^fmpm%s$m* *t» toalQi& eo^iv to afetotio»d first 
i^ sUioifeia ti!7 tto o e o ^ md ^m d»gi«iditloo pfOsooSt i o d et i^ idie 
oaoEMf as deoeiiboa Ibr sae l^&o^Ulteb Ooiaws'p m o^pft^'^^l^oo* 
oaia&m flol^teo t ^ Ima Ctomltiftd t^iet &e es^ s^SOo of »sMsg m ttso 
^podfio imim of f^oopQi^ ildfsci ooKtaifiUig lospr tmtm&mx&iaiF 
SIMB (S3)* 
& ooi^ier of l^mmA I^^ BOSldosop tare ij^ ^Uiofwi to tio 
"lit»s«l<* m long m the gfexootsopo et i&m f«i& 9f ts» ae:L««i3io is 
aooEsotatdf tl»26 to tt» pamiltlBiMi si^ igp «iiia m» n i l of tii» 9i«|ioix» 
fa not Qxt<w«ly ts^rlaot ior itsaHw ^D»Qillol^« IMs fiQif«iig»» 
tloa is m% oDivaffssa as ! » • bam mmx Sm» tltm i^^ i^sdi^ lea of 
gss^toiddts* lloii«f«r, aofft «f Urn nnxli on tt»t» icapBt» hm tmm 
dooB ^ oBlog 3^raetl»iitlQ t^wamsfKilio (wiUy sitt^pteD^I) or Hooio* 
palo (^ «ttgtl^ 2^ OB^ j&iigM:^ ) dofimtiiTti o^ ttta ts^Po^wUem flugw as 
puoriflod to in»9i03 OiQromy aooa of tt^ oo to beenptM&t^ y £lwn wmilma 
O!MisoB0 dstog o omlbciir of <MJl§tafasi% poxiCloii&lQQi ^futftl^pftt 0 M of 
GtmmanmHia A^ « 2eo&$o Sxm Og ^la^ato b^ oar Iiijors&oxf (^ ) aoti 
Isgr ottum? bm pmm^ to &c» of ^roa^ listp to £M@ re^an^ 0oa4 hao 
ihQ peogsnt^ of UaSli^ tiiBi ooa Glo woe^^ma of olt^DtaedKurlit 
diedUis of ^,;^cf9pem»im or poKpeootsociOnd (M^» Stio to Ibe fadk 
vcdest or laciltlialBail^  naitaio of Cosiay <lapBn<ttng ap«i siil (S5)» i t 
OQR 0p«>^£loally pradLiiitfKto #^ 9cia)Qj(%@ite8 owitetPtii^ tt» iiio«s 
isootioowS «tgti»« &Bot^laBllxm of Qom m osrtolB oieo»4iiilBKl 
ioart ffBilgmm to Inadaa ^tiBis»$ ioap ffiasplo ^ ^|)biiioii« bt9 o^tid 
wisfi to t i» vwKwIa&it^ of tl» Qso of iMs IseHa as o tool ia ttie 
ixislfleatimi of ^mAm» (^ i$oooti^ |ti@it«oa» 
tim wms^ of l^maomi, etora^ ^wmm^ ps^sgemd ^ 
OafB (95)^ mm i&€kvg2»@ &mt tm <3sitm ioluif&tfliblo @«ietie <!fttPriiHn}* 
J^iMO atgaaaoa^ oftao cofociosl os ^lal»m orxori of m%e^BMm% «xo 
fvlatltrsj^ fflt^ Wa^mAesSlf tb<^ oso ohnraotoxt^S b^ & toti i 
i»£ tt3o l^ aofloeaOl l^iSiolaMt eaaelog m mamalfMmi of vartaot 
ottbBtyBfeto of Urn magmi9) la l^ ooaeaMB* HMSA XpoaoBM liMa 
oi»rlioa^ « i ^ tt26 aocnac^Alliig oon^ e^niia id»w » cbBWwfeMritiiJtio 
In mmm» of pi^iatt «clUi i'lif ao9h*a (EgMdo <S}« 
^^ 4lftg!t<^» oi? a lyaoioe^ utongi (jlsovdir Is ofleo 
fl08p9fllid oa ^ haAn of cHlidl^ fi|^iteii8» Sbs psfeleaft i t OKialljr 
CO lofteft oar tiMM idlb »liistoisr o^ dkm dtiiOci^ist or of ittsimmim 
after a poitod of o a ^ 4vPiil^ s«t%« l^ fl^ iloQlo ^12} ao ofoljr oim^ of 
^10 ^istttse immitiQ^ dxw o^ie^to lo MVOIO asadol lotoi^itloii* 
k^{is ^ SoHjalto (UoiOt^aii tnuowovs Oio^ SIIK I^JM oa tbo Itfrol of 
«i»3fm(8) cAlaloall^ m^t^ia^ to 2» lovolfoa* Ttio dsfloloat ompo 
CMS wffMJIy tii 'SirtWFgAno^  to ^lo octfoiiy los^ KKi^ teOf (^toxwl fttNEo* 
liAsto aa^ oBzidLoyo &fM GsAls* £^92o 1 f^ ars^^K^ ^Itoftlifo tbot 
Ifmolvt 0Q«;pi8 feipei{»ill&o &r tte ac^^riiMioa of # ^ I I { ^ d i onl 
^jn^piotoloi* 
000 aoceg smtmA t^p^ of s|£ili^2l^ido8S9 (91) ^imm om^Hbit 
o'^f^ tnttsB of saa^MoiBibil6 oooan^ti^o ta tlso &BniQ and oStex* 
tioaooo (98)« £o ooao es@os % slisiltaaacKio ooQiwiltt^ Usi of otzuo* 
toiidLlir folaitod {pisraoUpiaa, oU0)88ediitii(joo or ^fot^mtttlw bao 
1A0O t»io oitsarii^ 
C%«8ii^ieMd^fils i s ^ ostololio otmef l l i^ of (% 
@Biil^ loaiai aeanaotloii So ti» Oiotxia oarveao sf otw ^w to tto 
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nosmakm tsttl%« 'iim wHjeAoQiaxiimMsim of C% pi^tet ld» (!%)» 
#8eos8Bitt^9P"nB aaa i^ ^ao£>»»ti&i» fewo a3j» I M I I n p f t t a to 
aoeaBBil4il«» Sapoaaiag t^ oa «(liaie«l poao^ (SB|«gib#ioelidMil« taui 
tirnn dUiOoa lute tii» t^pnth C%-g^ia^LiofldMl» t|po I (tsMBCaliiaS 
i^Di^ftoiildMl«)« ^^ »i«lc8S8 QKiillir t^ p^ciw tdtlOis the fivft • aoatt)» 
QcaaaUtlo* aso mnofo^ l»p«tei^aii»pSy i« i^ealiHiit mA ibmSih 
ttmaU^ ooonn ^ d i t i m of «gi {S9)» «a aoflanoftiloa o2ip«ao(di»» 
nae fkoia tfa0 IiUrop of saeb * pollosty l^ uHb b^o^ « oSoao mmBSAwm 
ia stsswitoM iiit& tHiti twwwp^h^^ti f! i|lfOiMMp>ti^ i^  lynt liosi Jjciffi^ MWii 
c^s|ytow (tsoaaj^  nt^gmae t)^ eoo to tuo loaani of igi idtli A n^gtlirafll^ 
CiOUQOP QitBB t^^ UE^ tSOt^riUfflllOfii fffifl^ fflfl? tMKQ^  <Bi^ nDl|!HdJ.tlO0 myj 
olisQiit liBpAtos9i«9i»fl@il^  do8th 080811^ moam t^ 10 leam of agi 
C^ of tl» t^sto r«|)on«a IbfBs of/&*#Attitoal^aat d f^toettd Iqr tlw 
tii» of flgrsAt]»tio oe i^otfatos (S9)« Istli ^lo fbaui vlt& ooiaio {B 
o^SB&f Am&Qp vm ^f loi i i i t t^ieiio ttk9 «olivit|' of tiw tlilvd^ 
tbo oMilfBl. I^t% is isMiflkMtod or immam^ i^^) io Q%»iBt^to<-
oidoolo* lk3BSt4o max hy&ytatwitlcfi o la^o tuOtoHtod tte& t ^ I 
utiEl ^ ^ 12 C%»gisi^ Uo8iaDaio i « ^ t I^ OB al2fillo KCl«bdbB» liiMo 
h3t«iokfti9Qi» pzotS^ o^d t^ ItifloQ of ooHtartdi M a ai3«i^Ust« igm 
t!bo %m t|po0 M l o a to egoeOoQifit mdn olhir «ii3 lostoio «ap» 
ootivi'fy* 
^ 1 Q%<»^si#t^dra0{i w» GDSlJQMtotlffiia of t l» i^ oiooo 
of tt» mmgrno JHwai^^jMiwaitnidnadiiiwt & « d 3* fMo grvi^ ftf 
oaKaiHiAl sloMcP ^msf^eam ia otiiittofeiiliid &r <IIM»«3P ivd MOalAey 
«a iaoiwis^ 8t«pll# vm^Oim tad fB e^booslop f»tetiQai6lcgi idtis Um 
nggrnxmrn of aeiacift»« fl3o isa^ioaiat 0 ^ ana t i t MtiaoaAiiiNik* 
tlvo ({&ij2) <»^ ^ ^ B l^oy aeowalid&Sag nditeittoi^ l»i^iait msm of 
eaedu»ia» {•&)* Sbr aodt of tlie | ; ^ « » a l mitgm^ t l» n ^ of 
t!$0mllf^9 of 6itill(^iA sQlwUsio i i « wiHsOiqloiy psneolor to 
cs&rapolfxlo to tl2o oatssnl. lattetrsto* ll»«(tari rtoBsUir wnloiit 
vav&fi&iQBo la b^BDaosliiiafiao A nel&vitjr tiawi teao mtleodt ^xm 
pailHits idtl2 0%>©iaJJio8iaMdo tmm t»m I^OIKI to lavo maigm 
ttotiidtsr t l ^ 19 tibovo wmsH vttltio (OS) iliinitti on %li» ot2»r oioswso 
o &v qitnloaaay dossal o ^ t o «to duvold of 11^8 iKa^w (e4)» & 
OQllfcasc; dofildioac? oi %tmW^ tqpQso^ filQg ODtlvil^ to «U tlie (H^ 
{|iaQi|Liost^ OBa ^ Dd tisi fSK^ tsal oetJlftt^ i& aoxisfikl a&al1i®» & Vas 
@ai» eoM bm h&m px^^&m$ (6&) cn^ tapnpmia (fiG) to oi;pftfiSa 
tbs SolerrsloiNloi^ toti«x>Q tho t«e) ^q^^s iieodQ iomliod iu 
tibio (Hoosdosv £eoea<SiQCI '^ ^^ ^ 88SM3S£ baji&SinSjQids^ & io a liot^ Bp* 
tstfoao; ooi^Md of %m a i f f t rs^ pol;^ p@ t^l4» dMloUt oC aa&pg 
xixxom hnveatsiaiaaso Q oal O (»9 hcnototisiiiys of /3 oaS o{ dioias 
fogpo0ti«alir« Stete »ii^ 6«oli*« dioioso <i»t^ fosoUt dea mMbim 
iOTolvtog the o( et^ joziit ooBsSng Ooftoioacir of < ' ^ (tWHMwIsS^ 
Oase 4) li^Rms &aat»ff>0 ^SMite o^M l» tias tssiid£B0ls^ OQ of 
i3it«baoQ of&Mfta&s t ^ p Oltalay tQtofi»xliis tdtli fMnttHoa of Ixilti 
(€6) f^ lnor l0oiia«;;i« bg«»«rtnt<l«»a o ( <Q<<2)* '*3m oodtA tHorn^ 
de'li9<3tit» &sMt«3im of <K» or l l» oth^r iui|£llQi!ia»« & mrnl (M^ 
n^i^a^Mpo&S/iAims/bst hm l>atii nporli^ (97) utOcI} is 4taool«l«s idtb 
6iaM» to tb» bPfiia of a psibioi]^  idtb paest pIpilGQl ana actor aovalop* 
89a^» ^19 oDSoslj^ lQio emso of l ^ i diaondtr vno dlsdoaod to tm 
tS3& mpmm C»Siio$mis& of 0IP»^^oo^r&gilicitOMiint| Ql^ 3*ao«t2^« 
galaBitomaiiogi r^aasl^ aaao (68) pnosSag i t to t)o ^ fbrat oatisolio 
mSlsor tliia tie amid oatsbdUle po^iosiaosio* 
io cij^ raotoilaMS b^ o pOiUo tlol&otoai^ of ploetoi^OMNetdo 
jO^dOlosi^iso (69>» tlio 9tmspm t&sl om te aasoofoa oz^ idtb ito 
ositstiaa s^)»li!«te im)« ftQ mfsasiaS.tMsm w^^a^tm ia tlsie e«g» 
is giGa«ioloi^  ooiiE3ido* SMo h«?itSit6isr ^iDiO^r i9 agwwliitoa uitlt 
laax i^^  in^ti^dU^t laSioi^mif sslfsros m)& m vllms^Oj^ io oar«ihii»*» 
&pkiA QsM pradoio* Doasllk atosSO^ ooews t^ ^ » oad of %i» yoiVQ* 
ibti «oUvlt7 of IMe ^9p» anof Qot tosponl to tbo iffiliMt^ ogal&it 
^»p&o»lo8i4a8o & eaa tl»iofl»i» t l» mtddba to ^^^^*o diaouo is 
m% «&l«Uo idtti tlio (B|»gaQglloaldoiils isit«&ioQ« 
f^ ata '^o dlidiasOi • 9tx l i£^^ aafeatioUo l^ooitlov of 
o^ i^ tiU^atfl l»(«o tma n^sS^Mtm to (xmSiilii (K«lliilBfd twniSiitfl 
3e3Uolostt (7S»?3)i priatsljjr ^ii«t<l fym Urn tmmmt of tSit t«d 
0 l i ^ oei^o Ibm of f»iddBiiii «ot4vit^ to ftias*» 0im^m in 
costoasft to t l» g a l t l ^ £&»»o IJ^ aoa In tsmtml^ if%U 
Qotiiiltf of t^aooo9]ii^ ss@|j^ MPo (9S)* ^19 aoM fi»^m^bSam hm 
iMSSk f/hUMl %0 tiO f^l^ OiiQit^  in dlQffilBl^ S tllffiKttUti OtQ^M Of Qo 
00^ bis ommtMm {%<^) bttm pnoviOa^  tbo aolo^ilffir oo^pwdtlsai 
0£ tisia Q3ip9s« Sbo aos^ai p»gto$ i^iSs»3 ia ootapooi^  eS & aaelMraap 
Inaod y i ^ £30Zooalsr i«i||sty bstt lil^ilo os&is3.^ Uo psot<^ «c^ « 
boil» otfii^o do342Saad oflaolor #fi»p&tGlD of aoie«3ler i iel#t 
< SO^ OOtt 3ft ba9 bisQ l^^ sua t^i^ tlie oi^lit^lliatd eiK«a3|«ia ^ t o l i i 
t»8 ^sy a&s^ aido aad t2is& ^ t ac^vltf coiaSiid tm f«raoii«^ %alodi t)^ 
tho «Mitim of %b& ofiOislor ^ f o o ^ t t i a In Ite pi««»Mi» of 
oQiaSo pbospbolipi^ ^30 i^osltiMoa i^%ifs@n ofl^oto? aosl eato* 
lytic psololo me ll^ aid to te o t i» otip ssoooae %0aiSlfig t^c» tli» 
oQDoeotareibloa of ofl<90i«<»r gfliw^iololii* Wtm ooUvi oonplos owitfiimd 
oao oolsoetlo of of&olof liiot^lQ p f mlima» of ottiOi^^ pn^ofto* 
^flOil^oftt lo a f tm aoasoddeoatiA atoiisai MIMAM ^ns to 
ootudag 00 aooonoilatlixa of £%IOCM» cw^saliijiiig oocapaBPdtoi In ^•oanA 
y0ptilkQ0 li^ i^ fiijIttttKi lias tMi^ a 08twil3 |^bKl {&,}» t^ui fHliwunii io 
diarsotefiwd li^ ptaffHmA'm awBtfll. le^ ooloir r«t«riii£iQa» dooortSf* 
eato siild^ty la^ psogit^dir* i|miUe&l>|r (8d}« ^ idsor eat i&» 
li^vaaiol of itxicKii iaofmsfmo la ^HfSnwi Usoiis I s t l» (S&gMse 
hm t»sQ M^iaidbtd isKi paMMAo bam m ^ j^wmnt Urn IvvA oi a l l 
tto iaotojipBtf (8S}» EoQ3i^ |r In Ilia mem of pi^ i-iaats wljr a 
iifiil^ .ff I bn ifoi aot^ iCMil I A ooos^ Nuit %& Ssw Bstw^ £ii nomdL ouiai (S4)« 
otonqsr of sol)! °^ .-ttBrBi&il4ii9fr (85) cwiiiiig in iKSOOHCilatioii of 
aaoaose ooatslfsiQg olIgpiiiHliifl^gis illsi lbof9 isoliiitwfi i^ Oonliii' 
^ j ^ (6&fBf) fkffia arias of pacUtoats* Da aomaSl l iv i r << "innB -
ftlclsso liis IMMB:I f^ jOBEt to oslot la fSism COSOM taeedi^ &f d saSi 0» 
StkQ tuo Ibiis & «td B, opf^ atOa^ ttotivo la tim miMo pQ» wo 
iilMifia ^ Pi l4«U ijtfcli aaaoMsiao^a* ^ha foia 0 vif^ op^ llapB 
ootlvlt^ mem^ ootxbml {fif s«alii9 asoflSKiitoa* ' ^ aQaiKKd.«r 
^xoetoso of wsaBmSaSem & fcm tassaa ttOoiiy his tmm mi^m^ o ^ 
003 lodl^Klts tha& t ^ «ui^ as is o hotazoistveBBr en^ossiS of 
U ^ sod fasav^ oliGdQs of tlio t ^ oCg^ (89)« So tafomBlioB is» 
mutt Cd9}i «a» Coma t» t» ••lio^UKtdd tdtli 1 ^ curiQ»7 «9tti«tl(» 
psi&ieato (89)* 'Ib9 laraSa aoa U w r of ttiiM» pi&lffisis iiioMiS« 
fa^iftieautto (90)« 
oacioea dfiffotoaoor In oalttmKl lllirEiia@sli URBB p«6toat« «£ & « i U 
dl9ws» (llsoD^i^aofU 21} ClQL) fM m laoxMStS l i« (^ of bomnSi 
^ thoao <&ttiBi^ Sos ^toxhaas otbasr IsraiflQttil. s t o M ^ dUmtJank 
Snctosuiad ICRKI^ of bom^ Ais^o oel4f wogssnA tko fwy^gil, o A ^ i r ^ 
j^ &acolAttStgt tuo teoa otonrraa nil!} a oi»»aBd«aQft aftesMsod oot l i f i^ 
Ol^  0Qi4 flHJWfgltfflBHff'lliitf^ ^H'^  l^@b f£UlNBiWI QKllWilQlaC f^eMMI (98)* 
i M s sosBS to bE> tba ISUrst foi^^rt of ti OoHc&acKt «»^  ^ ^ coapo 
S ! » OtttlllSllStlteito wft taMatt USQ omSidjdbHnNf t o te WUfWRfrtfTJO 
1 ^ tb& mam^B h l ^ j r ^ptolaliaoa fo&os MsatfiBoa to fwrloiis #ir<»» 
ooajopioe* lo n& IbUmdHig p^pa eont oS t t» flbarastoilfUo er 
J^asfUig ^mtiwa {ifaogM of tmSa ^emUi^imiA 3«vdi« of 
voxtcoa gazi^ JUoetdoo ^eir rwixla&lo t^Um^^Jom aloagsd^ t t» 
xal«tod otupii IsvaSle foi^iffiltaii ftit «{»lr ig?ati^i&o (|.9}t lov^b 
of Y»iloa0 e!l|^ opQ9l tgemfymsm Am r «^a i^ pmotOtiig tlio otm^ 
of os'^liisiSliiB itiikl then &t&PMS9 AO tlio ^ialii wB^ i^Wfi (19)* Mor 
tiioQ or Qfatboslf tdsxioc; M ® ofltlosSL potfoa smalk% l a sivofo 
btib flot iQ£iaQle4y oaUte t)a» c^aoiafe^ U M B ft t^ p&o of gioe& Isstoioot 
@»iio ft^asoB 8bou a alc^i l lod ps^t^m of goa^Uooli(3o« io ooBftMtfb 
to t ^ psM»ioo of aoxo oo^lox gpA^$0^jSm la ofwoid. oodio* flio 
^ < K £ M 8 I C ^ e&i09 of tlMUi dbsa^ I@|^HVIS to bo tto I^IQOOO of ooo 
of t l ^ bloiiQtlsotlo magme* 1% to faoMRwr mosgMkk ^teilim i ^ 
obossfod oto^jia la i sa^o i^ ie oetsi^oUfli oea^sUnlo to t te olliefid 
piopovyioo of tsrtttsaoisvd mSiXe m& tlio ngalosioa <^ oeU poetb (@4K 
fti@ <i3i%>?ogfl.oi# It&flallffisl'ltsn of gpi^.|og|^^ itjp^ jjLfflii^ . tliss& 
tl307 S^QTO OTOOfllfttftfl l^th ^iO OdUl SBSfBOO (jpSUMBO OK* figtW^ '^logO^ )^ 
m^mma { I9)t f i t ^ t2i9 » i r w l ^ poftloa m^b»^^tC to ttse l i | i i3 
tilli^sr* "Stm dU^modiasA^ c^alo (or iAIoast o ps«1^  of i%) ostcsiS-* 
log loto t3@axo|;MJUUs aofifOB^6&* bm tmm I^^UUiotoi to l» liamlvoa 
l a lai6«?naaiwft!,on of muHxoBmxi^^ OIOMOO* WO «s^0B»t«a »Bd}ai^«B 
£ter %t» peostxatloo of cW^Rie t o s ^ idto t l » OEOI E»i^an»» (19) 
eoff^oxU tb» tbtm fitataasol* Sn biaiOag oS cSxHwm toxlo vlth 
^pant itwStts ttiflUctittfll ^mfe tlni octorift. tvom&tifxp fiur <II!IO1IHIMI toado 
& oedMl saggiitSiig «ha igmikmm^ o£ (% e^Di^loiidi aoit m&v 
l^aogMi la tb» toxin to fkeUiUt* tto dItiooUtIm oi^  tbo aetivi 
sQlMoll* tbftt poQitfidluw tl30 j&aoBA BmtemB «Qd to^vttbM adoDjifXtto 
ejTCtlMB ^dlliob i n tOftI 0&%M8 t t e ^UUnMrt^MKlitio BiflHl fitftitlCBW oS 
tSm toada, e*gt i l ^ j ^ s of Hat oaXa* SOKO toamt mik in thl* 
Ile24« boMdoiry 4&«i sot M i y fii%i|»xt ^ ^ penalMIl^ of <% gaoi^lo* 
olSi botas tho aiUw ww^gjiw voo<|)itov (I00)« 
¥«iioii9 gaa i^oi^ Uteo an» Icooui to possoif i|p«flilie Mndiag 
eapooity Stot eortiio bi6lQg|.eal ogsato idiltii m99 bo ti^oiiio^ Ibr 
tbo ej^sooelos or liMbt^lea of ^ pl>7«iol^oal oeHoa of ^mn 
Mologioa opatfl. mmmmmmmti«dnm^umit,^^h 
gfiogjiloaiaos (lOS) ifeosQia liOtallaaD toxlii to Qf|^  &a^ixmiM (108)* 
tt» lahtb&tloa of b io l^oA soi^aao oaaatd fagr gas^loaldlo i t 
dtanoiiBtivtod by toeent voile ea ttiyfoiai tftlwnlotlBg hmmm Cf3B)« 
f SB opoomoaUy istoroeto i d ^ O0|b gmgUosldo iMob tttoioa « 
Qoafonationol diiago ia £iS th«Nb7 ii^ldtlBg i%« pfagnlQleglofa 
veB0Qm (&03)« Gang^sldos i&io biodl latoi^Bfon* tkt prior 
iaooboUoQ of iaturfieim idth gm^Jo^l^ ioMMtf ^ ontlvliol 
aetivity of iat«niixoo (Ii0«)» l^ftlwaofOy the ^tvootsmt of 
tisa8£t»x»o4 eaa.28 vlth gaai^ Uofidi^  ioesooiai tbo saoslllvil^ of 
siiam In tim mUMxtA aetivUgr of lAtofftaeoo* Slw i^ittitloiaeo of 
sa|l)MiMd faf tlw ia»iplieloglea2l {ttsogm la^ aioad In Bifl^ o#Ue ts^ 
lo r^rsfeo toa «awelfiloa iatomtioss Is om^Uotidi t^ ovToHlaBiis (106) 
• M tfad sii«v«iUo& of bm^yai© of mA lOoo^ oille by §• laawtU 
od.ls oioii^ 1^C^ oodC^I gHi^lloiA^t (]07)« 
of s^c^AoaiMu trnrn InfUqiafcid ^)a mmmAtf of Hie lovotnoo of 
mg&t^snt^ idwu^ giid eisilio tdld ywil<itiw» f^ JPHmln oolMkl tbo loss 
of 9mA%ii3Ui%^ of e«?Btenl oorUoal iiUots &mmA 1^ aeittniisaidoo 
of tbo m&^im ^aerpo li^ blgfeooMi idicii Qoal4 do loslosod bgr ttis 
ttld&tioo of po^lostdot (30S)« foQO «a& Usmm iim) hmm lailLcfl^ od 
tliEi ta»ol««eMSt> of msteiot bottiia slilio aeld si |aroiQmii£(Ue toadaila 
to Iho r^Mie of owxeoUtanittOfa* Oawgltertdoii on iHoo Itamo 
to UaA «i«li Siiotoiiiii (HO) t h i w ^ fduaio Mid aoloUot* 
Ovlog to thoiy 0olii^ lOf io i^fHffnf to tfaeii^  mpittfnm 
tjt^ ]t^  Qitlaio^ ^Ifoc^ifotilai «fo petoatiaai oia vorwililo o^Mto SB/F 
p&fSomdfiQ msiem ftaaoUuiit in t l» le<|r» ^ ixantev of kooiA 
{tno^oae of {^ ^ot^ aaototiii oxtooaliwlir wfimmd 1^ MlUsPd aoi 
aoNoor ( l U ) iaoltiao tliolir foles ia i^ {^tootSoa of tawr loA 
mt^ matemu of ^^ o ixi# ooa lateioatleGty Ibr « X B E ^ to ttgBitiiroy 
soi^ plfttofsr i^»^  QBTiais^  tifetsi op twUf etid oii&or Aurlteo of 
Utt^M, «li^ avs alflo itmU'm^ ia yo^ i^o^ aofilffii aaa ttiiaitpoil^ of 
vit»la0 mi hsmmm ^ oorvlog §& mtximto^ A oo^xir of tntaooes^ 
mugm9 m^ laMMtwni «D» »im loom to bt ^fooptottlni In luiiiat** 
aeldtliftt of iow of tlm i^smpamttiBs ed#fe Iw to hsAp rwilntirtntBg A 
s?ool.0« ^itittisr ftsiastow^ Qta&M* m ^tms^i»m X SEOG 4» titaty (US) 
«^?oft tiA» l)3p»^iis • • ^ 8t«MUtjr of ^ «i»9M i i dn{7tlQ«^y 
99^mt& ^ m^mmi'm pevlo^i^ Qil(li£fcii»i of tlis ^ofocdigaiiAo i&a* «i»liit 
gl4M2 s e ^ v l ^ l)|- porSodito tal^Mloai moovol of goBohartae t^mkas 
^ oXtDili o? aot^^ijiMm of ea» fboflh of ^i& ts^ano^ eieoo^ of t ^ 
08il»Mte«>to C9^ )» <^2» t2ie em^gms^ ^^ aso* honowr^ wnpfJot %imK9 
Q6f%iotj|ii»6o w»l»tlo0 of Uw 0^^msBE0%tAm &m not iinoSvod la i^ 
iGQom bMogloelL IGtt»liloa» £l»v fmrnsSo ti^omiei»mt9 & gooowota Jott 
a^oHoiii Soot 00% oao4 tl* tots3. lalogilty of tfaa owrt3^ a9ias«te 
ohdii (114) mS fwaofv*! of ^tSk aoos ao% toUiiiaoft isliv&ral «otiiitf 
of Islmrfbina (110)» 
Oat of tbo B^it oiQitlag i^evtoaApeeoU %a Vba •tiodisr of SI|«D« 
piQ^olao hm tmia ^ dHaoovoif of tstm veH^ of oiebot^ylwt^ oa tlii 
fidotttmoo ana survival of gli^potaliui ia dUroalAtliig tteoi^ ooS 
t l b ^ iipl^» ^ ll» Itvir« « ^ «9S% of a#w9ll ao^ BmSX iu&) 
«9qpowd mm i s ftpaoitftial* mm * pmilil. desldlattKi vwnilta in 
m ol£l<iUii^ <sl«ist«ia9 of tii» fK(Sill«d iHBQEfeoii ^toa tl» oSvetilayoaft 
Slao* a&3jHka.« e^iSQ id * v«^ mmm wmnKom in PIMM idTOO* 
QK^ bOtS' 0 0 tiia OUmiiilBlJM jWld tibil^ QDQOWt tO te O QBOMUHHBr 
(bat mt oolHetoiit) ooe^tiao Unr th& tmeHU of tlio n»iil!|«il 
0L^eogixtit/^M ispm tbo el9«fidiAl^ oo« }^i» oxidolSoa of tbo i«i«iiia& 
0s2fi«IO9O f«al^» of osdilo^sreopxotolo li^ gHlooloM oK^tit«? o 
oc^ i^ ldto fi»»v8l. 13^  ^ »gsdUwilo8S^ tao loS to iSiiesI o oeapftoto fo«to» 
sQ S^oa c^ tim ^irviv^ t|g9 of t ^ ttsHvo #afQ^aolaiii« CoiivtoetE i^ 
l«oof ilM^ 00 0^01? fnotor iSbm tmmsS. of WM ym itipcodtbao Ibr 
HM ^^ Biittio #aoiB In liHi ^«o of ^Itm ^yoo^toio voo psmiSt& ^ 
«MPBalie ^tioNHOt of i&i& to iieMo#|oeswtii& lloo C»P»ili& 
^lidb Msteiod tlio titS^UIsr of tbo ^^a^]|»t«|o« filettltmamio 
iovooUpilleisi i^ tbo &teo of «fililo#9eqpfotoiia ioOiQalod Um% 
t&oM pioloSus 019 Itifti)^ oite^iQliae^ b^ tlio Uvov io peam^sjt^mX 
oailo. l i e f^fotalQ fo^oodililo (BBse tt» is it iol looo^tloa of tl»9o 
«il«lo^|fODpio$ol»s ti;^  ttM Uf«r oall aa«^ w>i» io olw « i^oliHoa 
^^oopyoleta ootl n^& foil^ k i^o 6«o olJiMal^;^ ooiiafllol Iby ito 
aoti^t^* jil^ io Q0tirflBliiliiso ^witaineb of tixi Ui^ or oil l oBBSsmtsi 
or pjxi&sid wnimm poteSa <Uf) tetoUir i^oli^tos t&oir aibilitjir 
to ]3li36 i^tb ootaloi^lfoepioliiliM iMi^ o«s lx» fostofi^ ^ ooipfi^io 
eiiAgS40Bi 
Sin mmA 9"li da^ l ^ f l i i i of w^i^% 9V^im^ftm 
tm boea t^som to tSioj^  !» as loi? tie M 8 tm^s^tlm ooaunfttie toaovii 
a loMcar sioauto «0(ti!l osutost Iti «oigi4ixi«m to imi «a»a» i t i t 
pei3«lbSo th«^ sw0«i^ of tiaUe ttotd lii^  oswMiBtwt^ latwr &• lumilv^d 
io Cbo pi^^ielo^oal 60Mg of et^lbiooftof* 4 Mstlsr at^uMilMi 
Qfigr oXio ^ oi»x«ll«9 Sor Urn rieovaa. of igi4 {ftntolsUy Xi^ JimQi'toi 
oaa o t^r o»Uo» (ieitfilo otlier ^ifcx^totil&9 tMCVIiss a tSaUtff 
^ ^a naoonral of oialio aeld« 'iim oisvlo^jr «ltomilo pa^ Ju^ n^ 
<ad{it i»r t ^ d^iaMloii of oHiar ^ym^ttiMim m How Urn sm^^oo» 
Xa ii:os^ i t is Qoae^ r^aSdo 1 1 ^ ^3KK>pi«itolti ot&iixgiliiRs 
lae^  mgmem% m mmgl9 of « ftoaiy gnlMd i^stMi so@d«tia b|r tlii 
i^ l^^ i^Ki tot^iAtiov of tbo t w ffw^flHWMitiy osaipoo^ noweKiniiSBMi 
OBdi iia2|^tfiia0l^v^3O sotebaig in oonowict upon Ittlli UMI iOidElMMi 9so^l3t^ 
l^ jTOsote of t i» UiTwr oi^la ma tbn otxtsilotitig ^snopc^ttiiis of 
l^ Qod (il6)« 
Cbodoal ao^llcwtloii of ^ l^^m^^ mrtM» on^o* 
Ij^ tSn^ boo Iw8 l>9oa ^»i£a to bo^ o drmatio o^tott oa tliow oeU.«» 
EDMslfio oadjiitiaii of ooXl stirl^ aoo ^icAie ooi^ vst s^aeitoM 8t»t«" 
mOtttoe I3a2^ to«srto8 to mOorii oitoila 0U9) «l»roai tto aoOifleo^ 
tioQ of WQ «aaaM» P ^ ^ pmda(^ 1^ nlld |Mtttea«lo tm9^Bm% 
omuau ^iimg^mxmxm of t!» iaaaeot altiraSi* Asot^ or ioteieoti&g 
f«aglod ISi^li^ is^Sdas&w that iso^teHoa of fiianlii^ grappa 
oa tlio 0 ^ oarlteo of Ipplieo^s ti|7 £«xii^ii» taS^k&im taw 
Tffli,fliffeiny^  b^  fOeoteeo isMam aflop ooBiwIiiita^ tttatooet tam 
tttta Into MIlMr IMAIS ittiA- i d l l 2SB@) SD I^ duftaur dwflais IwniBli 
ftW^lffltlfi £)f d&idl^ K^Ift tflOfllGlfl^  A^ BHtOir iDlfUfKfelHg tttSi^ ttXi (IfttlMMMMI ' 
tise i l 4 i i ^ ^ ^(oap of CKQO m^ t l ^ osaioo or •ootltit' wiitMbdo g n ^ <^ 
<n21 flityfe<iff afiB^ a^ asxi >"** fiddtd 6 net? dSteMUBSoo to tlsR i^ aiotilQQtil. 
i^^oHaiiBo of o t l l i»i€!too o«iiK ]^graffiio0» ttaoi^yooi^li^toi of mHH 
boi bMo taegBa^oi to oocullnto si^EtHletotlr tow6»3f t l » oiiU 
ooololofir <a*4)« 

aUm itm oxfepiotol ism tim Umm miag ^ fxiton Kwaoo «aa Hw 
am o£ proUslao aalpNito* f to m^^m etcmod « Q t^lis]@ |0 of 
bsr 6 ^ moa CoF* loss* i^iB omiapa »ete<l opoa t ^ f^m^im&^9 a%Q« 
6 pO of 4«& bad • psiot»crUv» efl^iel £to8 tAioiiaal gacatawAtcn of 
tha sos^B* OiH fUtmUoi of «Iio^Mtlaoa pcepar^Uisi of tbt tijpoSft 
89Qa to tm (Hf£i9fB2t i& t2solr solts&rofto ^«Bl€li^t^* 
tim pmmam of Urn. mit^m tmmtsiiMmm i^^mtylmigmBSf* 
mm #j;q^]ft3ioleaoi I^ M*i*IS) m& Urst ma^AwsA in film 
ia & attB^r of o i^r c|3»vlrjMM| ^ictdsi* fioa miml Usmam Uas)* 
&1» oupas i8oiX&&9a Sm(& tAl «b0 «^MKI«9 hm ft epocSHoit^ of dtosvliig 
ois3i^ o(«Jiiiito0t4iod3Ll|? lii^sd iKKiiP4iK!jpic iiel4i %biQi ^asg^w/^ ets/^f&iJB^ 
Smm VMism mwPGm Oi^ S^ r in ^lelr s^ ala i^m ig^Mt^ ^ effootivolir 
Ql^i^ nafiinialnio oicM Stm vaxioos Q@(&iu»A2|r ooeisrxliig mssoaa^ 
imAsAalim ^^^satesSLMmUf ISotal (&^» &'^, a«»6 « ^ &^} 
122a«»^s (IS3p3^fl05) iliaxtas tijfia s i i^^s i^poatna to te iiMd 
efl^eUiiv Ibr o(&^ Mfilsaai (&S4)* '«!» 0!mmam of lib* ijtrtait&wl 
6Q^ ttr @a& tbo aubg^t^iu^ In ziiunKlalo sidUS lypo Q^OQ nol^ Mvd 
to imm m ma^ai^ df^et tipoa %£m i ^ o U ^ of^KiUvmsis of tlat 
msm» iJIMh ^ ^mg3» |« i j^amt «&£^ <3oo8 oo^ ofl^oUvsajr 
not OS tl]9 Kf^i lii^aid i^itt i{ia% ^mi^ loiMtB ^id to ti» 
ptttsaeo of • m^iitilatot «fe mi^dm Atom 4 of t2» giSLiCstOM to 
» i^#> fUMA i a alttoabi^ CSoMonHP* foooslil? OKJ^Bf ^ultii]^ oGNOdit* 
tlOQB fbo aa^ fosi^ Qo of m% «a^ C!% fao^losliaif hm iMim iSxnfi 
to b9 dosioS ^.lift I WtfirtttOTB «»i|ae USft)* 
In wma^im t lasa^ vuijxsi Satm of tayMNBtnl^ teso 
tg^sa oi mmgsm^ o £»xti«itUt<i Sam ms^ ft e^tM» tarn gammA ia 
t»m fikne to t9e afdeKsii^ vd i^^ Is^omm il^^im§kSOA'^) 9sd 
I«ta9 «t8oeic&od mMsm Itad iMioai doserllsedi (&3S) i M ^ ^^ Piia miflesd 
aif i:^ Kr«BtQis £» pis>pM?&lot flse^ttp^ to tito ^iaaft ma^mm misymt 
4^ ia(&«i«i61sg pn^ )«KaE&l&Q feat i»m eUe$mS^ hf ^i^fitai^M i^^ 
4 £bil«v nitoiltoa 9&^am io !sr«S& iMi^ ham O^QQ iho^ 
lo oenlslo aoliit:l» (i3&4^J < ^ ^sl&<^ ^nsm^ Gama of Uxi 
aetlvi^ <^ y49»saL*&P«£44>« BmssSAs t^ nlsiiaSo Ibm of tto pig 
^aio €Gipw l3«8 been io@el«ia iiM turn ^iixm Ca,4&) MSSmii&g ia 
0 QS^&mm, % m^ &i^% of v«iloas CMM ioaa* S^ en^r pai1|f» 
^il«lo asUvit^ mam to ^alectg lo a^fms^mml wmWwm {4@fS.<^ ) 
«bidi i0 ef^MU^ pidUsasll^  «gi&i»% £ialttslal0iio#lo^)dMib ^I«B 
tmA% tmisi 003^ of tho m$ot ps^UosdMo «oUvit:^ l^» txiOQ f^xm to 
{» diffts^ ^Btoa ia Urn mwm ootiLopi SQ4 H g ^ amSamsm of «loio» 
OQcel orlgis ^ixm&m ^m ogAi^ tSj^ Draottm oeotMoa o idliiE«> 
eocRia^  (i39}« itso ^«!^lxiM«o of ^apso IMS DSOO Ibaoi to l» 
HoialM to $l!0 dl^tadtjatlesi of gas^loeldM (131), & o^taia ttsupo 
of l^ iDoeessI o « ^ a Isao boaa Ooeoi^ tMii b^ tOUmm md awn^ (SI.) 
\M€i le Ofipidtan of ocstlog ^^?ota m^ gfmS^mlM^ '»im Qms&opma^A 
psofllo of 09<if@i^ U9dli«» la 7«t \m&& {m wiSO. m Ikmat) iboi»i & 
oasSBBd vasla&lm to ^Mollle it^iirl«£«£3 0S Urn mUtMo mm^m limt^ma 
ooastao^ tmsp a sjoflo^ o f oat w^ bolbapo Mfl^ to «i» ms^ tltoir 
maAm&Xy £ta& ^msp tstati end eta% i t s pfE^jonl^^ &)»» i^&a 
n.s* mmmMLsmm 
i^ iQSB&oxioflf iosSoa (tJ*!^), ffitoQ g^4i^ ftm l^ln n ^ !!«»» 
i^iUa. (32&}y 7wosQ SO « i t i.'iiOim iQ l^ rao FUioa Cbisdeol 0t»«« U l io s lo 
(Oaa), Ctaloatt::: «Qd dfij 9i £!r» ?tJ3t»r ^^ols^biHo Qo*^  §«#« (tri4) 
ami At^at <a3a3toi4 liS^s&sloOy l^il^jtogloay ^ « (SM) foi|)ima^iiiiljr, 
Pj^issao ( ; ^ : ^ y Ur^alo Item £• llir^f (Q^xme^} m% ^mm %»M 
am. ^mam mH^ fkss dm Qm^m^ i^« ( t ^ ) « l ^ %^ eaaaon 
f^m&caHe oaod y^fo of fio^il^i^ pml9 or e^ HIB M # « ^ p M ^ 
i)it@i2.fiIAo» liiS^t slsi@^ &s^ Qf| olitkii^ iodi SlQia tli^ dliKH^it^ tiosiai 
ms i&3odl«t«a,^ <^01oa tis £c!9« dood^ tdlh ^ o U U o d eo^ iSi^ toolaoil 
m^m QOQitate l»££Mr pO 4«3« 0*OS o2 of tb» om^m (oo&eloaiilfig 
&Q 0 ^oal vtAmm of 6*3 al> Is m$^ <»I«HI» tmilois ottefiaiao s&ittod^ 
tho ©tiJs^ Riilft oioa i«@ to%&l pQ#loaliJt»^ «9i^»6t«l Ikoe il»op &fQi&a» 
ftoaeriSIca to ^^ ostlu]^ of iam«D i%0) m aoai£l9a Ijgr 0«&Dir m& 
Gersloaftia (i48)« ^ eontisl HOD mm @ldo Ig 8l4s i& i M ^ pabalioto 
of ootol %om or ^^yipei^f ti^ ossusr etxtuve «^ tlio tia^ o^ t£» 
iiKsilMtioa pmlod i«8 fmmA l^sot^ i^  Doiiit )«NS8 ie^) o&lam layS 
ii£tor tMaltlQg ll3o ooltsss idtii laf^ or tl»i I^ S*^  WM ^Lalod t^ 0«lll ^aSl, 
m 6m&AboA W 9^7«ii& m^ •ootf^tr (131) oael ««^«$69^ 'sMt was 
ia»aad to b» mm9msey ^tmamr ti:9fo IM» lis&of£i£iii^ lo tl!£» ^ SUeot 
aoU»i of 0^1^ «itliMtlloa aeooaBts n f^exSniiilQljr fiar 9 ^ of t ^ syiSa 
oiiUsaitod 1:^  tli9 dlitot aptlnd as Jas^sd ^ t ^ oso of ^tii^lnd O&Si^  
otoodM^ Ifflo?0iv9ooo tier fiitoa &4@6 fa Wo pB&tiAa oa^lsntlosi vas 
09QX08ai 1^ tme^^ & tiik&Bk tm^nUng m mpeH rnomt of luitm ^iW 
mKl by omtxiJ^i^Mg of* m^ pgm^f^ts^ ^m»$ <lai to fxltoa i*4iio U^>« 
iibx' osMcKyjo^ llto l>gai^  U^Bk in @BOiJll£Hid.dBfi W^ slsilo* 
pap^iii II»^ «iifo t3|saR .^faoa Sni 0«& 0 Il^t4 a& a(f@ isiFtbrmatb» 
tm& a»i««at <$»tsr8dt3oa ts^  Iho psoc^aso of V«sftii (147) m wfMSIm^ 
l9gr i-alSBf- eoa Qmstim^l^ (149)* 
m%ya of sS»9p tusizi mt0 extii«f&ad ooeofiJiag %o tto wtlwa of 
iiS^r eoft^SQ off tim ctUfoa p i fiosuspKKkaiiis $o ^b» issHvi^mH 
gooi^ti^^ai^ i t tfae paeHssd to a oo&ic^ wseZs^  %4,tlk diZotolbfa «Qd 
f(c»30i!i£lit^  to ato mUxo^ &S voslor^il ^  (iSft)« i^ l^Sos ealt of {%& 
%h» oi«i2oi»{^ t&4t fk08 tessaa «x|tbto<srted ms prnpsm^ ooooidSsg to 
t l ^ astlioS of »&£alorjljjl (la^) ^ MIovs* ^ib ^toS hauB td^ ooA 
90 aSo* Ki» pio^td x ^ <»ll8 o^ftnltiia <S9& lal} a^xo «»il»a 4 t l ^ e 
}^th a total, foltiio of aoi^  a l of 0*01 H folwi^jia ptm^bdo N f £ ^ 
^ 7.0 03!it«iisi!^ 0»9$ Sis^ (ptsoepbate Imfl^ssd oaltot). 1li» tiaeliia 
v^ o@21e lexe @S»S idtfe oa ^u t l VI^ CBHI of iDO S^ emfi* liiQFI^ Ia 
ia gto^ faaiteo btsf^ssd t i l l i i i and ItiQatsafiod UBI? i luf ill Sf^* 'ilio 
1 ^ tistod st^fTMiNnl (S5S1^) 103 0(^00^6 ^ ofliitii^giiiloQ a^ 
£000 6 S»r ^ db* £o ^ m^txammt %/4^ of t ^ tfiifll vdixm 
of 0 ^ tflobloiDOOitIo fioiu vm addtia aoa iUfiod At ^ ftap ^ ala* 
Sh» fiuseii»toi& oe£it»lat8s oSfiloii^ildo vm ooUootoa I9 O K S ^ ^ t a 
QS Utm aedtiUeQ* %h» WHUxillaid ssip^xiuilfiiit wm m,$l3iym& fin? a 
psrtiKl o^ 20 t^ «piiii9^ 29 ii^t8»» of <ll$tl2lod M$<ir a% 1 ^ idtis 8 
ia & mUmo oi^  0 s i «i2(3 t^ gLalpsii tmast^S^ «eala0l 8 l i t of (^ OSII 
i^ospli«bo &a££9t ^ i«Q» ^m total i^m ooQtmt ^ %to pmgmmMm 
yml^AxeamB, Partial ^itiacfttioa of tiw id*lo|©9tl<li ww aw» 
^ tm&Gei^bii&m im vv^oagp ebioBatogro^t ftso totsl itUiiopt^^ 
e«0 iiit • HOV f6t« of & ^ ^ « 3|20 O^ISII tllil UMllftd Vith 2D fil Ot 
the oc^ dJUltdniliiig &af£Hr« jj^ to tinMUdluRx^ aa0i ifflitfhiitc of tte oolite^ 
mm Ssm& to bo tmn of boaad S&i^ a^i» eoltim «t6 oltitod 1^ o liaoiv 
cro^ofli of 0 ^ ^ M3I ia & lo l i l i^ Oiao of eo ol of Q^iM ptot^ phato 
boffor {II #«o« FvwtloQS of & el wim laaaiotto^ aai &mmm& Ito t|i» 
pseooaoo of baim^ Si^ ft* fkootloiio 6 ^ , oe^oiaias IO/QOOIIM of 
Ijoans ^ % vtio peolo^ aa^ Je^ Dmsao fit «*8{fC aft«p d t a l ^ f acaiogt 
oat itt 0*#C« Qolsso ott»ft48» !M»{tl€eB4t tho eonaa tMO p]»Q;>0ea 
08 M l o i ^ 1^ 9160 ftm^ \mSxk vm tiQet»QKi^ M>i ta ^«» ifo2i»BO of ^ 
fritoQ X«4CD ia o Cottar i^ f^ :\|«@ 0mm lieaogKilmr* l^ia tsoi^iaft^ 
obtatood vas atinod «lt£t piot«lt» eolptJilo (8 tt^ hoBOflMWito} 
£bv SO ^& ao^ o«sta(i£Upd i^ la^ OCO g Ibf 30 ilQ ta a fofeigafatad 
odomiisgit ^ ^ oa^ioalaeit tiaa oaod aa t|» oaipa oewoe* 
^^0^ Traill «Qflgfii& (a^asotivil^ to ulesit d»l^ »}4 1^ i^^biX$ju&$gm) 
SiltoEi tmiw eootilalqs e»0ll iiCl« Hoy i«t» of liie eolSEai vw 
msgim i^m I0)»9p t»ridb} {ittilm 8)* liiisaoUmi i d ^ woiw ^m t l» 
^<il£23ii aeUvltsr* tritoa I»ico Cli) tM9 «bSUi to «ilpio& tbt oasjaD 
to tl® ttiadlglWBH UStODt* 
£lio iiffo^oK) or tf|,^iff asi& wftfrt-BiInf"" oiKloiaaBOfXi ai^ telsiiiiOfi 
oriler tro tmrnrn t&mm m^t^^fmrn mh^sEsHim pstlimim nAplii^ l i o f ^ 
taatsfe (& ts^al hoaiopasto) of ttio tm»^is$» m& ^ ^ j o d {140)» && 
A ciNKal.^  of t^ pstfUieAiB txw^sss^^ t ^ 96!Mk fvflUMSod £nB@ w^lo* 
gBaoQe mb(ftiml@s to 1 ^ ooaixol foasiloQ at^lai* wm tH&d&cmta,^ 
voOtieod tdttxKit itt«9l{^ IhB i^tooilio csl^vitf (fij^Z* 9)« FIOUESIQO 
ma Sjoad to m^ feteo ti» total «iisifa» ootlvll^ (»i»liliv«2}lsr« 
& &ii^»« of aotlieas of litpRyviQg tto I ^ M I I I O «otlvi^ of 
t$a$ mt^m wm tiio^ ti^sst mammt Hio Mia ^ifi^ooltjf | i ^ la 
tfao oifMEOBiA^  losolc^a© Q«&(»e of ttio O;H^P»» Cootflltig^loa of ttw 
;>H5u^ i?ii,„<^  m^ m^.mm^^m^ nm m:imm 
*'*^*»^'**** ®*^*^ (i»»2o9 H&SiV^ al) (QQOlttt nm/m P»t«lo) 
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tl»} m9gm QolQg totaSl @»^io^<loQ £r«i ^bmp tmAa «aa elalnpi^tiao 
fpoQ txmm ms^3a3SO(^tm nm Som^ to t2» ^ b^e pQ weag^ of 4«4»S ict 
0«SI} &imm ao0itato bofliir ooOir eti3(SMP^  m^MUiotm of otfli^* 6tliflr 
vosisBfO (4S|l379i38) «^i@ fStaorlitcl iH oi^ lsift tiotiiitoo 4«9 «na 4«4 £s7 
barata nci^««inlrtait^ acf&ii^  m gao^Uosidis* 
Qxp mrjlx^ peifo^* « ^ ^ & Ubt^ iratoa ifao Ibonl to &9 Uam? oifte 
& to of laeal>atlo!i poiloa* *%e nlKsiaoe of «i^ I«i piafio^ (48^40) 
d»iao ^» oaxijr post of ^bm ixscaSsMm pozloa in^ &oslwd t ^ wct^ 
%, tf,^ t^M mm OQ^nltf of tlM» ozu^ od vm ^ttmd oplast 
Olffesm^ OK)O0Iltfltl!jLOD0 of lltd t0til& gS0g{IIOBl<l»B 0804 In tlli 
lmasb»Moa« « l^ srpecto^ to ioonaao «ao ot^sftoci vl«^ »itt»iii&li@ nt 
o ooRj^ '^^ a l^oa of @ast^ osia»@ bg9^ ^ msAm BiM (Slg»f )• 
titli ^» soOios salt of 0%|^  OS £ i^i&f«l% a h^poxboHo ismmm 
in mMvit^ vtth tnoroafllae anomaiiXiS^mi of asi|i,« yio o^sunoa 
£usS a % inaoo of 3*0 x 10*% ma obtaiosa (iasot la Fig*?)* SMe 
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NANA Content of Gangliosides, n moles 
'^'S- '^ - Effect of substrate concentration on neuraminidase activity. Assay for the 
activity was as described in the text except that substrate concentration 
was varied, o O, total gangliosides as substrates; 
substrate. 
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Fig. 8. Identification of reaction products by thin layer 
chronoatography. Details are given in the text . 
1, enzyme incubated with GD,^ as substrate; 
2, control in which GD^a was added at the end 
of the incubation period; 3, enzyme incubated 
with total gangliosides as substrates; 4. control in 
which total gangliosides was added at the end of 
the incubation period. 
Asd i^MU»S90 (iUi <»!ililalisi iC^ isaQ2#ft of 1^^} vat oteotod^ 
<%« g««« tte « « K I S » a«;l4vity M l o u ^ %gr £% * 6%^ isia iif&op(|)«l^ 
(Bs veil «8 of C%«^  «is deoft M IbBcii^ ilm fMOdles eigtas« vat 
to e«0 t^ oddlag 0»i£4 iMM aoEl <lx^ t2iQ (IIQ esii^v* in « inftsaii aoi^ oofltc^b 
Slie ^iaa Bflis ms «3fti»(^ t«S repeated ^ elid2tiX i^s»«B»tl»aQa CttS^ t 
v o l / ^ } it3(d tSio mSiimsf^ mm wmm:Mmibsi& ^ m%m^^ % & MalU 
iwla^» »M6 « ^ HIS «^ 0lliQA g& 0 plolee oslsg ^i) aol^at 
c^ yslfiDy a^n»£t>s»<Kitf^ao3«2«Si acs^i* (60t^s&t I ^ W P I ) lasdi 
ciipc<s^ . idtl^ in»lml foapst (iM)» *:ti « ^ eeso of t o M @S2}#te}» 
tAQaooi iaeiooffi io Q% ^ «as ^^s^vad, tl^ Slo to tisd ^u@of C%ft 
SDit of tiio C%|^  vm SBS^ to ^ oosivaitti^  l£i^ (M^ iMf»9)« 
MftalMiag i»lffiSII, ir^mffgHt, t^ i^ lo » pi«a(»^a t ^ •Ctaeba 
of VMimm Ceit»x^ii^ it^ML at & fiBiil 'seoamttaUm of o»i$ to 
the ettaoaavd iaflctotloo eiabtro* OiOir m i l «#& ^xm»i « sSti^ 
(dK^ 2.9^ ) aotim^AS eiSmtf ibffiress dbseoct *ii@«ti 80 «i»l 
4iiaf» 00 ¥»i9 ial:!iMtefsr to vmyif^ mSm^t 
^fiwfc of TOgJoaa Botiil Ima aad ^tAt Ilio ^footo of 
vmiom a i ^ iont, oae^y Bt^, 0«^*, !J#*, Sa^, 1 ^ , tt^i 8i?* 
aadi Cap* aaa m^ ot o fitoul ooacoatfatdoa eSimmUa msfm 
i ^ t2^ mSbsAaes&m mad costilasd K o^ iKoSds of tUSh, 
Um&m^BMmi» acMid^ vas tseadsiaa m i]0ma&^& tn tiki 
toxfe* 
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%m& of D8X« t^ao &^ aeUni^ (*ablo 7)« ^smmtft tm^^Mme^ 
of ^ |)B of tlie a&ns^ to (m ttGi#e pB of 4«$ loiolti: lo i ^ t a ^ 
%l)a %»m of aotii&t^ oBnaldqaw^ i»«£iaio f )• 1% in 9^m « i l^ai 
'^^ fiyi^ ^t i^iitgiL fhas£soit6bS2it^ of Ilia aaa^ta %mi mxnM^ 
QuOor t«o Ofi^rm^ mtsM^mst irtu* &o tlio ii»imeo fic^ la ^ a 
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Fig. 9. Thermostability of neuraminidase. The enzyme (0.05 ml, 0.6 mg protein) 
was heated at different temperatures for varying periods, chilled in ,Le 
and assayed for activity as described in the text. O Cheated in the 
absence of any buffer; D—D.heated in the presence of 0.1M acetate 
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Fig. 10. Sephadex G-200 gel filtration of the lyophilized neuraminidase. 
Details are given in the text. , elution profile of Blue 
Dextran; • — # , activity with gangliosides as substrate; O—O, 
elution profile of proteinj ( A ), neuraminidase activity with 
sialoglycopeptide as substrate. 
^3sg»sismfim m9 lllostittted la fig.9# 4t 4^, «t» wiagim (idtli^ m^ 
BOjf a^fSKT) lomw i 0 iienmtir ia S sio ao4 ae^ ««UviV lo 10 ola 
i s tk& pmtmim eS mmtMrn i»iSim ( p 4«S)» tits^ m vas « «eo^din^(Ui 
t»£ifr (jil 4*0) tlse anofaH^ ia aetl-tit? idtli Uaa of baaftlQe uea 
^ms m& gsidbtal i ^ tibm» m& diaX^ r ^  l^s ft£%at SO edxi of l»«^ai> 
casj^ «3^ 1 ^ tff^j^ mm %9tiii»& t&jt mormksiMm actlviti^ OXAOQ 
thfi gtarKiu^ isxooa&ita of ax&sii^ ltiKi aodi amitt? tttid aat4fliitil&n Hia 
fdlaaaatl timh aftar paa^ Usg tisteaiG^ a Dotwi 3^^ (GX*) ao^ sao* 
3aap l«ala vsa f<aaeKl ^  bam %to modavi aoHvltir (93«d maim BM^ 
vs^mm^/9§ iHPtala aoOar ataa^snl imm m^AUam) BaSXmma t^ 
weeSi^ m^ s<i& to^a {86*0 «a$i 1M%0 c@9laa S ^ ^ ^ protaia fa^?ao» 
fH3^ ffi. ^l^tijyusot s ^ lieipklliaaS Qai@8»« iMc^ ratoliiKl ailaeat 
SOOi of i ^ 0Qtl«lt@' aflav ooaaaatfe t^toa to iibos^  d^i^dg ^tma 
altFaHiSdpiplMd am M«^aBii^  0*000 (solini «» iSaeest^ aS taii»r Hie 
eao^m oa lli^iilala aol t^^tiUia^f favaala^ 1»ia ^adbe^ paaiie of 
ySL^Ma t^ &^mimi *«ti» C^«^ ^^U &Mm pitiaiaa of tl»i aaupa 
aoUfiti" enl {petain em ^xns la £t|;40» @f tfea toti& s^a^ ao otfb&vi^ 
i^ ^Olad OS ^ m aslmsif a&oai $Ci vss utoevamd la H^ tio £9aa^ • 
ill &mM I msA SX$ iM S'mk £!• 
#232330 ItirtlKtfflKi J^MB ^SB r-^rrfffl/lff flgl^lBM SbcKl^ f^ js . l3Ql^ Mitt Q f t i ^ 
Swd c o a i ^ t i » iaee patera o^ o c U t i ^ AgndUis^  «11 t l ^ «^»8tc(it«a) 
^ee l l lo ft8tlirit3^» ti& incetsd ptok of «atQin» wis Stm^ to b» i^ p^ioaElw 
opfUc^ aisnir mBtSiUom o f t^ao @ati^io8i<3i n«niraatnfaai»» of ima$a 
imm tiom rmm^^ ta th» ppeimife «K t^« Sbo d i f f l ^ a t f i o flolaMlll* 
slag !^»i mm^^ m^i^mxM hg m m mlU m oititawt (4S»lif) mSk ^ 
caod tat a Mg^ c!%iQKi6i»tiflii cf Cai^m^A £ar oxfet^otioii (137) 
iQ^(»i$0 tia& o^maH^ t l« sojov poiiiact of tbo o a i j ^ OA^ oot tm 
am^ fSH) «0 o^sofvod l9^  etSbsm (49tl3944l^42}« 
i l » pmaawso l a vavletie \mi& tmamiBlkiSam pmpu9il>$mm 
of m^&aams a3^sm^&>%mg jpvodptitofiatljr ^Ki^iosiattiy bis ^ a 
jg&p»v%960 %imm w^k^^aofim ^«3g21o^do8 i{^trliHn& la llio tii4ar« 
libsa &x^mom ^m^Uii^Sim 89@ vmd m mbgimtiim (40«49»I48)« 
^Q D I Q I O I ^ ^ maSf^smm oBtMtsr vorloos lOflfiBra boi^ mtd m 
pmitmSne^m mtimd to i iploto ^ oaddi^ iiimfl uttbolimtwi (48»49t 
I43)« Ito tb@ {«offi»a^ stoiaLefl, ii ccao9t^«iitioQ of piotflidtie flalpbufeo 
Mmm n m M mm. % nmm mum mim mmm^ 
SdMttmttt 
t mst n Biik 
G% • m^^ %%» edtS 
eJUSis, '^ tio p«ii&&l« tjgilaaiiUoat em t» oflbitd Ibr tie nhmtm^ 
iiM^t&oa of tt»» e a i | ^ «««ivi^ t^ M$Nt ooiaoeotfs&ioa of pm» 
%a^m ffi&|iia&Of t!)@ ozaBtf^  pgtAmUm no^ ilMifio SM^ IKI Inhitxlto^ 
to tbo orapMi oir i t oa^ b» Sntenotiag t&tlk tbs awg^oaot gta^^U^ 
^<3M mv^ m soliB a^slett ao^ pioloeto 11m Dxm tho «otl«s of ti» 
magmm '*tm ma^m i» SomA to tognro «a ;^t4laap 0 of 4i4«&« Stii 
QoapoQ (3M Qot ojitiMt n ^ fio^vi^y «@iti»t flbviQogni^ (^  #yao« 
la^tola ooBtfttotBg BiMp wm% pmta^f befomm of aolS lovolp&laiiloa 
^ ^ 4»i» £ ^ i^ lQ t^i^  of i^l| pa^osiaii •« t i» flnaX foodtaet 
of p a # l o « l ^ <3iigC9iai^ lot} ^ mmrmin^^^mm i@ in flii<e@Mii^ iiitb 
tUm |tteoii8&ii^ i^i»iioi@@ of gtiii^iodido mimKliXm» 
f l» ta&«livo ff^i^tlitir of tlio om^ fRie » i «ald ] ^ m& 
imstaiOMSA^ «& ^UaOiot sH i f olwlottt Ikftm lii» psoMot ctoE^ot 
CiiM^ 9)« I t i t mi$m& iina ^g»9 tlait ^3» ws^m ftt |li 4*& 
i0 V)93«(4^|r sl«£)ilo le IxMifr iaaotivatioii «& 60%« I t is pomtildo 
1S»t liw f t^ i l i t l i ig ^£iaet «t Urn mM ^ of 4*& «l«o ooalxl&sctoo 
to tl» iaoestt^ri ootivit^ of tlit tosia <»i4$i«» «t cSiovgbodl t«$»* 
ti i^m* ^ mmma^y bl0i loBipon(fiai9 oi^ tiasta of fgPS bos bean 
i39(»p&K3 Ibr oelf tmin ms^m (i33)« 
^n^ ofiiel of adtlKl Oitttii^ ostK in^ostod timt 9t^ 
8xiJ*4^ auMkd a m0% ixmmm in lotivitgrt lisovtas Qm i>fli»r 
atttt^pnti t»i@ 0itl3O7 «d£l3oat o^seol or iediitiitot^ to v«^li!ii 
9m»&% 011$ of * a ^ » f of estlfias testod^ a^» tito t^ttinstlsg 
« ^ ft foil «»i» iiMbitoff• vbo iiMMtioD mmea h$ i ; ^ , Ci^ ^y 
Urn piisUeQili^ IHBlEt asas«wl2^^»0»« 2^a» %m wMsma £tm ti» 

m F^mmm^t ,^i«i#,.4i^ wmmmtm^ ^  'mm 
mm '^f ."^-Mm^mm, mr^ mmMm 
md^ tmAth y^imu oC lda»ttd ooosiiai&is tat Uie pifi£l»a CUSFIM 
o(«i^ «i^ tioo891»0 ft «eE^ i^l&ti««> iiMM^gr (%» o«Sf $ ^ ) of tho no^ rsai* 
b^ vtOaoot lbs* ^ ^ tmn^fmoBlk oi ral^Ii^^isi giQ^Co} (UiS ma^mM^l 
'*h» saxiHsd %s«|m9 nee «l»irsi»Mr of Bolwitaftr « i l # i of ^ft^ooo oC 
t<l»!^toal flf^xs^to of 73||800 t»M topHIisr 1^ aoQFOonralwt fbfots* 
a ^ Hitsiyida s^ siSloD mmi&i^ tb» pmoanot of tSimd ml«oilUf 
ioasm of tl^ a^nitjr la t ^ pui^tod pra^mmtliiti iMc^ i^^imS 
to bo 1 ^ t«6«ini^f ^Ssar ci^ maamr* Sl» oatflfeoaao of I^RIO %pt» 
of «oti«l%lta i^is idio m^mtm^ hg m tai^^is^ii hm^ Izuieti'yalSiio 
peUlo of tl)o oai^aa «l 9C^  or i»% «)a tii3 disttooti^ ^t£&ms^ 
0 AOtlvit^ pxoliloo of tHo aiflSueatl«aijr Imift liiaotlvft»ii «ui^i8» 
Immodlfli^lm ii^ iiSloo iiffifig «iUtio^ diffoloixid ognlaet 
oaipso &ad OQl|r paniiil fKanolOij^ loia l^teUt^ «itli t ^ «iia9Bi8 iE^^ 
t&i iiQRaftQfia Ui^aot of oeal^ m mliX m ^» Isssm am i«^ U^w 
aaa ttid f«l tatttov Ootion t^ Hit e e o ^ lo^dio ooa %Smw ^^mt 
9g^mm to te s^tUo; ^ «te l^ism brato oaa U««r ^lipafi 
I3e«m <3«tiQt»lsiitod la ^oioatpEkifiim C l ^ ^ S I ) , adda ( i ! ^ ) , 
IkteoiKlBo mA tsasitSimXtf t^^XBil$m <<h&% ^aos^/Sie boaSOy tod 
j g j y ^ i (iftl)f «leillasd^ mm» to baMi * tnoidtr upsdfilelty tad 
{^ jpOMlyKMi o(s*i«i8^ o<l>»»3 m& oClKi)»4 ltntoi@iit Vim ms^po £tm 
ai^^iiQQt iMHBiaiflo <Qai«» litii bMo ffipevt«l to tsmvo « bfoad 
Samm <ioaftfl&Qlsi0 Qli@o0Qest2a3t(iM» Qpi|ra»pnit^^ «al ^foopi^lftdftt* 
MSasr dti^lascKNia to Mm er^Mlllol^ of t^ils mairav tomiat v t i i^ i s 
ffi^ mft l i w r mtgm CX6&) axo mp^tot^ to M% «« #|eopi^Mdo 
0QlMi^»l««i «a3 aot llio a«^vo j^FOopmlicdBa* Sitt livtir «Bip» (ai&&) 
<il«no8 O(SINMI^  OCS^-»^ «id (?<l#«^ llid»0M>« %im «ft«pw firtea tlift 
oQittaR)! oestex of i s t bsila li^fii^^ni^ Sftoam tgam puralao oitwwl* 
Utay oosto ibiSOM (<S^ **9 l!i»o» of twamooM i s not ofSMWa 
Uiro)» Pig klOsfgr QQsgiiM to looisi to €k99m o(.ifm% mi o(^ifi»4 
21i3tM9i0f ti^ a9t <><aHKIS (l»6) ili«f»a« liaB»3 MlRiy (msswi l o 
nsipovfiia to «e^ m oCl^ HKi Msinii U^}« ^» $i^^mUm» 9i mmamm 
ismSM o(!4f>Saimsmm& in tlw aomal tmmimlx^ of (bd OiU tMovw 
vtsoMMl floft^ft dlUo»l^» &ieo^^9li9 imU lo vsoaab | M I « VbU 
inagiiw l»i btiii pioi^ei to 'myi!^ QBiprnm tgm imximm mmuMaa 
0oareee {iM^%fO)t ^^i^ <>^  ^^a ^ liipiHrwi:^  hcBogwatty (afi»46d)« 
tHio llf«& nipofl on sailtlp&ifllt^ of t ^ s dai^m otae fims WiadifoehalB 
«aa iiosaEiMil (IM> dmoosmmiig U» mUi^mm oi %UD Deteo of Hio 
oiM^ £ R ^ IKlg SA^m 99psg»l^ 1^ p i ISItinlSeci «ai tfcowltoy 
s gioidag oo^btt of fi^ >Qft9 bwre SaSUsal^ tbo s^^lplloit^ of tlile 
oQKpo i^ oa mmMm m^itma idLlh cs^peot to iio^Uottlo poSiit C^t 
Id3,l«4yi69^93.9i78)« ^w piwamm of ttm fioxoi of o(«|»-£i3e&fiaioso 
41l^ l»tlQg Sa QestZfooQlor lAWt m3X§tim o tani^ tHoiaal 0&«Mlil3r or 
^ witivllsr piolUoo tsitt aiio ^mm octHotS &o» vvEteoe ImaiQ 
t ^ iNUiftoas i ^ ^ a i i ^ oeooffiag soltimiliHr Usstss of tt^ mKgm lOt 
ftntso bm ham m» n^oit on tkn iooaa^logleia vi^tio»» 
i ^ Is&tMiQO ^ 0 ooipoo fkno iMsaan l»«l» oal Uf ir (li<^)* $Ms 
o^i^ tiMr pevoisi^ li»«ldt» tl» poffiioaitSoa^ oo^ aiiBlt «%mi^im» md 
MIOMQ pmamun of tt» i»»Qpft <^ 4f»&tQosi<iaao isol^od £ m 
mcaSs$g tmin^ oviteioo fbr Ibfoo Saxm of tlio <»i^ ?a» oo ttio bwto 
of @9l ftltfotifiOt 0 OBtifitjf l^ xofUo ee^ b^onaftl itufetUHy « d 
tbo pooolblo li](tei»»xolAiSo]»Mp ia%mm tHo t^ttplo l^isa* S1» 
tmxm^o0jstA ttiit3s$Ke^Ssip of t ^ o^te^ bsila «aip» vltb &£ina«fiiQai 
%i»tm9 of mx&as^ m mU as tasSm etna Umw «f tot «al toMa m» 
also |a«a»iliid* 
oC«!f*S^ K)OW} {>Maitrti|!ti«:^ OMiiviAlvwi <if oC^Sftam^iMt 
asa ^kiiipi^ aiei Sogpo C^p X(%» (^ipaa) ff^ttotinilfv Site gmtmrnt 
DPQO l ^ t ^ o i^io^SM aKsraBlMdiao &a6L ossnBtisUlfio otilbiBt&ti 
ov^KXllliBt^ (EfiS)» iiei3rUtf4»» ipS*«©(iiU]^r2ftZHliliaBi^«ildt tod 
QfUftS^^ls^^^smmsiS^vtii^imt^km^ mm pm&suM of £«0lmii 
tfis A pmSae^ of ^£21, l^ o^o2« (i^iglflttl)* C^»Q^bii0m f>^9 PBAS» 
i^piwatx ib»SOt ^st^tmSmi QfSm aoi G#;iift«OM €1 mm o&^att»d Ikon 
pgffd»80d Itaa Caliiiot^et IA M I % da* ( t ^ ) * Cteptote 
t^jmem i^^* ^ %lw 0tl»w limlmlim maA wm of ^MI M#o«t 
gavdi of i ioit^ anSlitfao* 4&ili aoa&o^  ^ K l f i i Jl^yill) teslnt 
aflwr lilt fwowil Of M a t o i ^ Xii oasos nbeo ot^or ^Itioie l l to 
Itiloillaiy Itioirt M^iij^t i^iMo mA lM» l KMO eto l^idy t l i ^ mm 
s&m tmtmA tanidl^oSy ofttr tb& dMftb of «eoiiqr% iSiiMa tdtb 
of QJSAB fMnsha^ hai^m EB T«O til« 4!^ telbto Hootglai* Sndyui 
OQ^  l i f t fo of fifee timro iMOVid tsMdU^? o f l ^ li&ll&ag H m ^ 
^iin|$.tiitiQA 9B0L ik^N^ fMMMfi SKOI? HWffiKllIB fA% *!^ iff%1illffl WAOV* 
iSdoi^  tffnin tnwriifl mA UiSGf vmo fibtidUi94 oSlMP ooiloestMi of 
psti9!ito i te iMaOltdof rMMoaiiat fi&otodlo tiao nil£»»9tleB&as 
of tutimt of ttift t l o M i ^ oqg te^ I ^ M M I ob «&iR2 mMX i i o ^ 
Ffaifwo MHifoyti ^ 1 ^ flsiil MSS? VC^SUO of fiaS sH auiftaiBoA 
6»S /oaeilio of pNBtteB!|i&tqg|»<<*I»»gieQfli^ i SQ ymoloo of ooilgko 
tef^ S^ 5i*0i 10049® of Invlai mwm eSlomM mA %tm 9mgm» flo 
oUaitSoa of 6*® i£t of 0 * ^ ^ 9 « I I I B » 1 I ^ ts£^ pB SG«t| oftif 
OMAi&lktgliig» I f oaootiBii'f ti» MI»f«liS |i>i«itcc|toaBl UM o«t$» 
MdM Hb 460 IB l^ o Ctt^ ilofO M ^ i|?M^li»|lnt|qniltr iMbie 
H^ OoMy o(«4>.||aQ0fliaii^ pHh^amaiSMmg oC^a^qrtoaloiigato ooA 
Bi4>iKOd08lssM0a0 MOO OOMDOd £Q O i^tetlW IMS^  OitSB OAI/OMAOO 
mm^ mmiXml^ mAm ol^wt«»|3b(^h«£o tsaiSm s^ 4*$ lt]8te«a 
oS «eft*to teller* Oi» aaii o£ tlis a^iyraB «8&iv|t^ %a ai£lai4 fts 
i /«it8Dl9 of ttio pHs&to^ itMR^ Xii3enil«a par tm vmket tl» ttek^upd 
«KM^ imMUmm* '£!» foaetlcm into %»• limm idtdn fvi^ MKirb to 
Tim potQlfi «8« eitlnR!b«3 fieoif^^iiiii ta <il» oitlioii ef 
^^^^^^<^  J i l l Cl^ )^ ^ ^ ^ eis^itttUim InvSm Ofxua nlbmAn M t^iii^ anS* 
i^ iUliftioni 4a iii& ft«i&iv«(«d meeetCix^ to tbo mHjed of tlasBdb j ^ j | 
(ITS) ttils^ SO M egmm^fm bnsed^sl. of ti» gm^d 0tkm Om&n 
40mxAim& 1^ Oo^ tfiMwaad find fwsii^ (Sf S) oslog 14 G@ fm^/ti^ of 
^so (|A« 1 ^ timiX pempem^iium Q0Et%aliXN3 %.4»9 sag ^em/e^ of tlui 
iiH tbo og&gmiimt WK& ^^s&maA at o«4^ tnlots oilsu^ 
lh» isotm wssSm ^"ffi^ (6C i^9) wm tynogwilm^ la 0«0S^ 
pctMstoB ^»^£iilo tiamr {B f«0 ( M U%) In * tiaxteg ytoailor 
ist t»£Mi^ 9 of so @a Ownot &;» S sin «l^  tl» wmiam opiod, flit 
otintag to tirlx:^  tl^ mttSdm ^ 60^ s^aiaMoa lsi«q|« J^fltx^  KI 
pitailod l a e t ^ i«s aasip^ sKlw!! id » ^a l l tmlow (106 t3l) cf 0«Ga^  
ptospb^w txifftr lil 7«o oisstalalisg o«i&K S i^ «ia£l dlciiisQa i^pliuit 
t ^ ows InflSsiir (9 l i t} £)»r &S hr ^Ib I«D €l>«ai^ « Afl«r lOMfviiig 
(eD& B )^ Hid « ^ ^ d to |fl 0*0 l9^  tl» •a<^ldlo3 of A fi^tli)lo «$::3II& 
Of 3^ m^^ ma ^@ e(»»)a«f»l&3fk of i d wm iQlsoa to o*Si hy 
9tmWm of eoXM Hid* 
(1*7 OS s I4«S OB) oq^itlilffi^lod vi€& O«0SB i^iO{^;;t»i^ laf£b3P |D Q^ 
GodtoMi:^ 0«Si Saoi ttt ft 0m msto of ^^ odfe S& ol/br* tbo osal^ Qaa. 
«a^ wgdaCL b^ ti» i^iilibisiUi^ bofTiur (€00 ^ ) Htdlois^ Itf 0»0S^ 
^m80^^ txiSSm pO 7«& 09i!^ idnif}S C»SB f^lQl (aoo eil} t^ao tte 
ofatm^ «ao ii^ Bcisfe d:<to of tlso $i»»tolQ» flaMim of ^ otupo IA» 
eaxtli^ etti lAtli o«3r. oC««asft^ 3^aoosiai to 09^^^ pbo^ phgbo b o ^ ^ 
112 7«& otmttlfS&QS 0*911 9i0l «t SSjt 1.^ «& « S^ 'f^^ ot %t isS/ls^ * 
ftmtAmm of & sH usio oeUodod* Ikbo mMim imsfilam (^ to 19) 
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Fiq. 11. Sephadex G-200 gel filtration of c<.-L-fucosidase (concentrated CM-Sephadex 
etuate ) Details are mentioned in the text. # #,c<.-L-fucosidase activity; 
O — O , absorption at 218 nm; , graphical resolution of individual 
peaks. 
e^petaaitait of tto o%}^ iS3ifpi»ivo«i oloiilo <78 ^ ) wm ImOifQ on a 
•rmpfllam «ottt«itci !3ii££»r 0 Q^ a$, &. Qmg mU of SO ^ ^ » ^i» 
0«(^K pItotplwU Imi^tr pB O»0 «i& ft Qoii tulit of 20 odi/br* f««6itlon8 
of 8 «l it»it oeUioetfd in tatxra ocmtoJnlns 0»@ ii3. of 4 K S«QI oalottoo* 
iim «eliv« f»«etloB» (7 to IB) mm $ao}oa a ^ oommtnlb&A l^ 
fi<|i«oi(lo n to ft violta» of 8«s al* 
oldftlo ma 4^ tiQMtop«fpl>td <»i A gsiplitdkKii 0«@00 a^asm (i»SS o x 
t4»4 f») oqpilUbislodi lidth OvOSil ^s^beUm tm^im oontateiitg 0»l&ti 
5i02» fftotloQi of S 8^ mm ooUoetoa at o oonstatit Hew iftto of 
1 ^ a»eUot»» of lil£|»8t meMM^ (iS soi i9« fJ^M )^ mm peaSoS 
lb? I^ tp^ bor porllloitligift 
fiiwitftiflffii'irm im msimm^smm^mslm ^^^cim 
mwsm Apon t ^ pieviooa its^ (to @l) «w ^oljntd «^atii8t O^M 
l^ba^albt ^aiS&T pO f «S (itd Ut) t^tb t«o cNaapt ovor « pioioS 
of 3 iir« I ^ ^iil|«td miMgm m& 3too^ oo a mlam of S@l@* 
0«|badm i^^ (US. €Bi X 4«8 m) oq i^Ollisi^ M u&tli 0»^ H pt»8|fcatt 
Iwlfor ^ V,&, At a Hov Jmto of 8 « ] ^ « ^ e Ofaons vw vnitwl 
ftoUvo Itaetl0i» CS to So) tmv p09l«it Jlalyiaa oplmi^ OtC t^l 
GBS^elkdG& Si/Qg of t ^ ]^ tfi£lod QBS I^^  i s O^B ms^Utm ba^^ 
0 0^ m^ QMM Um^ w» lii«obil»(| idtb Id iospi oolta (fiO/Ol) 
lUKMEbiA ^ H aCiNHr aoofiB^UildMo n^^ slngii*& via pei^ QjiBid oa @dlo of 
f$ tofsiaMdat aossidliiis t9 tl» estbo^ of @«vt« U76) idtb ao^liflflft* 
ttoas it» the |iB of baffov oat^ USJSOO tisa oo^se t^ ta HKKIS to te 
M i ^ % upEiiti^ e «li9V» |B a*S, tiso foaalog 0id iiKo |:o2pMHeUn4 e& 
^ f»4 «t s is^^io Iter S hr %iim tt» p^ooadag ^ ^ bfocDt^ iirael 
blSM* CBaoSlI^  tbO OSKI o f tItO g9&» iifliO? fii.lM}tfO|;tS09O8tJ t t e g i l 
IMS oat Into tuft 2f»#t8aiaal bilviNi^ ism be^ vm sllood AM^ I te 
osMj? of ecapao ootifStr floi ttio t^tis&r stolmd Ik^ £«»italii tiisr 
oooB i^do brOlioait tS^m E« 
dotosalosa bar C^ Ultfi^loti #j«ieii^>sr^ir on S«||Hites G»a0O oo 
tin |xni£tQ8UU») o^S: Urn magm VM oaUt««l«a lor piMtog Qw^ei mu^ 
of ttMi mOmw pcotolita («aM|^ 5 eg of nooliijr t»«dii)d*8ala«lo&id«it 
St]^ pttnSdU» after Qxmi0'^i^laamm tftflp U98) oootntisloe bstis tfat 
ibnss i^  AQd a) nadir i(Siall<»a otm^tloiM, fnmmm of 8 edt voko 
mlll9ei9& aod aonitoioa Ibr ^otelis (ieiQ;ia» mMHt^ lo tl» etit 
mmsm iat(& «al tdthoctt jNn»oat»toolfc«aol ^iMitaMit ttii pfllNHwS 
«eoeniSt»g to tlie ootuodi of ii^«r m& OtHmm (179) lod Ifet wtAtimlm 
i A & ^ of tl» i ^ tsMtoa ^a j^tto ma ^m9m$m(i tulag tMoSptf 
pXDlOllStii 
^ MmMgi^ ftg t ^ oEtt i^rll^  OSSIMP gltntfitfr} fflsgn^MflBtt o£ter pfiiosiil&tttlog 
t l» oai^ po ftr ^ sla iSl S9^ i^ vasloas pL rss^ag iiroa 9*& to 8*0 
aalai 0*04^1 oooiii&Q or pkitiipbato l»ill^ tti@ to t^ pmmsm of G4&B 
Sua* 
fne^f>^ & Qi^ Q^^  t^idtli^ t^M% %im taJoGftoa •aaeataoBotialy vltl} 
40/01 (0«S eJi} ®f tl» pnilioa ^M^mtdaso «Sj»d idi^ «ii o ^ ^ I»2IIB» 
of ooaga«l9 fmmM fic^tivifstt* 4 liaostor d»f» of 20/Og of tfao oai^ni 
mo ^^ OQ aldor OQ» t i t^ ^m^ ttia tt!l|g»«Bi« I^so n^M^ wm tiS»^ 
ef6«r ^e ^ilrd %m^ of tto 0r«& IG^MUOO m& i ^ •oiw flUi&iiot^ 
{U e i ) m9 taimA to ^t$ mmxtim m3ii:^bim miimmm §^ jfi 6»S* 
lag 04>9l^ SiCl aoi stoxva o n ^ ai^tiag £09 la ttit gm&mm <»f 0 * ( ^ 
mmmm *^t ^mmm .teai.yiilw ^^ wiigt M.lmmir 
irsrtoutt oosunsw ma «etfa»t«l «iuS aabjaot^d to mmninn ffUplMito 
fktt6tliia8$.Sflii fill diKiexilisid £1^ t ^ tsontojr ivato* 'Jio iialyaodi 
flOMSEiiai ociUdb^A fUmoM i^Ui i s m dt^ Q^^ ii^ fi^ Stfid lif a«wa«*/** fi^ i £ 
^Cpr @^ Sa 0«OSlll tiasl^ltons boCliif |^ a*A <iMitol.tting 0«GS^ m^ism 
« a i ^ lEttB Ottili&o aifiji itm IMS ill^m»4 to pSDOwd fbv S ^ 9 8 
011^ 411' iitiicii} lottos wt9 imffn^ IEKI ^:)Otogtc^l40^ 
^4389* i^  JSSfOOO M d plljSlfii£i<K» i d ^ «si oves«&a »QBff»ijr oS^  
4«l$ titu Q^ l^smia* ar^ifl&atii' «i^pteNil» mtimwmeS Ossh^ 
ia& acl^ianva «t fiS^ !%# Sfe» poviBiia te^^a ^14 ant ilieii %!» 
pweoaoB ^ m9 9iii» #sfooi^aamsi to^toi (sseaitamd la aflfawte) 
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Fig. 12. Double reciprocal plot of the purified oc-L-fucosidase activity 
against substrate concentrations. Standandard assays with 
the enzynne (0.054 units) were perfornned with various 
concentrations of the substrate. 
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Fig. 1 4 , Polyacryl amide gel electophoresis of the purified 
native oC-L-fucosidase. Details are given in the 
text. Left: the gel stained for protein. Right: the 
activity profile, 1.5 mm thick slices of the gel were 
incubated overnight at 30° C with the substrate under 
conditions of standard assay system of the enzyme. 
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Fig. 13. Dixon plot for oC-L-fucosidase in the presence of L-fucose. 
The enzynne (0.05^ units) was incubated at three different 
concentrations of the substrate with varying concentrations 
of L-fucose, as indicated , according to the standard assay 
procedure. Substrate concentrations: ZV—A, 0.7 mM; 
0 - 0 . 1 mM; • — # , 2 mM. 
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Fig. 15. SDS-Polyacrylamide gel electrophoresis of the purified oc-L-fucosidase 
and molecular weight determination. Experimental details are given 
in the text. At the bottom of the figure is given the photograph 
of the gel stained for protein. Following marker proteins (about 
5-10 >ug of each) were run on a separate gel under identical 
conditions. 1, unreduced f-globulin, mol.wt. 160,000; 2, ovalbumin 
dimer, mol.wt. 90,000; 3, bovine serum albumin, mol. wt. 67,000; 
Z,, ovalbumin, mol.wt. ^5,000; 5, trypsin inhibitor, mol.wt. 21,500. 
• , Purified enzyme after SDS-gel electrophoresis in the absence 
or in the presence of ^-f^ercaptoethanol. 
matUat^ ms^Ut 416 oo^ ^mt m^ lam of aeitiPtity $m » poslod of 
4»% 31090% 4 i9QQtd^ « £tai P3SWM4 mi^fm huX m o^^sm £^ of %§, 
% of 0*33 ctl fioa l^ o^gg of m$ me&on/i^^ ingMh s^Sm,%im 
oi sUtxmia immam^ W& msit$Mi^ of tfc© ^ g^ssUim esta^m SEI^  « 
saaiimm of ia@ ttrapeftao ID aafeivltf vm ohe&g99& idtb tlio aa^Moa 
o4»l>-»£tiaos» idl^ OQ iiMMtlo^ ooaBifefiikt <%> of e*Sf& a^ m dBt«fk> 
aliida t»^  tl»i mma gflot ( t l i ) (91649)* ^ ^ t ^ » «a^ Bif * loi» 
varo ^ # l | r lolilSiit^fjr i^ a^sSsg <alaost « total loliiMtlm at t iK« 
M,,^a^!Hss^yf^flt,tl, te mmma stse £S)fi£io4 i3«ii«o 
J^ 9*4 I p ^ s i x VOC^ <l i09!% 8 0 ^ ^ ^UltlZSOt tMOill o f p m ^ S B * 
i^ u^po {ictiirit^ appoasscS lo l» aesoeis&QS idtlik all t|}0 bmSB 
(fl&l4)« Stsa lasl^itjr of tiaaao bos^ ia ^ td aot {eidWi» m^ mitm>» 
oloot£o^iiiM% bomrnPf (^am^ t^ pmsoooa of « iSo#a tNRia 
ootva mUs^ miioait eaiSc«r pn^aloa (li§»|$)» 
^ «24 Vflft i^!»^8 i«s^ ditotetoaa ab ^ axlooa pO talaBs tao^i^ 
ItoD 9*S to fvO £ii» t£» {^ni^i^ oi^vo aaapa* i^ loto of ^ 
agii&oat ^ attu log V^i^st igBlas^ # «i^siit«a tie lowka at ^ 4#S 
F i g . 1 6 . Plots of pKrYi 31"^ logV^^x against pH. Details are 
described in the text. Every point represents an average 
of two values. 
gmsiitf (&^)« 6a fittos^ to m^m tim immli/mm^ of eas^omi 
i tst l f lost ^ oS ikR toM «eUvityr bta$ t ^ &a«oiioi of ma^box^ 
gs9agis somdM^ && « Smitom lorn of ?(^ of lh@ oooiliol wtlvHf 
iQ^oetiiia the iii«o2vai^st of m^m^l gj^^d) la ^ a ocMOiUo 
eeUvIt^ of t£» ^ospe* 
pSm l l M ^ l o a HlO )^SpgO 0^ V9l!^ | 0 « QODl$flQtl«ti<IMI 
(SC^ ieMMUoQ «& oa3/a^)« ado i iM^tls^ <x»)M te totiUy 
f9vof9o4 l)f libo pmimabtiiijm of p^ iD txoaifcoa otui^ fBO idHi 4 oB i)4^ « 
£9r;^ d o «& S 7 ^ lodoaostflEdde « ^ OHI voio^ baummv, not «> 
offootiiro aoS ostooad <83l^  oltodt a(^ IcMMtloa «& i s ^ 
ot fne^ons }d»S9t ^ *3*U. p»a£i sb SmoHoii onNMr m msitk 
tl^ oatiio fo^ U»3 of floUvi^ «» » oQi^ o^fllto fio&iro of titivw 
pi^ka m «^^xoxlaato trfpot^^So^ loaela l^^ do of tin ofs^^ «ai 
t«& t^mi* pc^ l® ooaia bo toiSe^ ost, ao alioin lif <is$^d Itooo 
(iFloU)* Oi t$m total toU^t^ motmma to tbo p3. fillU'^loa 
o t ^ 6 ^ naa pw& It sr^ peak IS cia U l poiit lt!t ^too pmk t 
ma xe^ eoQ<2&o@E!s^ ^^  of^ teir ia«s^oia 09»3iti:»i8t ^om oc^o tl}& 
mm ^%tieim %m c^mmvA \&tii a m^ ^§:mmm to Urn 
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Rg. 18. Heat inactivation profiles of the purified native enzyme and peak HI 
oC-L-fucosidase. The enzyme preparations were heated at 50° or SS'C 
for the indicated period of time in the presence of 0.02 M phosphate 
buffer pH 7.0 containing 0.15 M NaQ. A; Purified enzyme, (^) protein 
concentration 50/ug/mil, temperature 50°C; (Q) protein concentration 
50-ug/ml, temperature 55° C; (•) protein concentration S-ug/ml, temp-
erature 55°C. B. Peak HI enzyme, (•) protein concentration lO-ug/ml, 
temperature 55 C. 
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Fig. 17. Molecular weight determination of peaks I, H and III oc-L-fucosidases by gel 
filtration on Sephadex G-200. Details are given in the text. 1, cytochrome C. 
mol.wt. 11,700; 2, trypsin inhibitor, mol.wt. 21.500; 3, ovalbumin, mol.wt. 
45,000; U, bovine serum albumin, mol.wt. 67000; 5, ^galactosidase A,mol.wt. 
120,000 (178); 6, f-globulin, mol.wt. 205,000; 7, urease, mol.wt. 473.000; 
8, 3-gaLactosidase B, mol.wt. 1.2 xlO (178). I, H and HI stand for peak I , 
peak n and peak IH enzymes respectively. 
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Fig. 19. pH activity profiles of oC-L-fucosidase. The enzyme preparations containing about 0.03-0.05 
enzynne units were incubated under identical standard assay conditions except that buffers 
of different pH, as mentioned, were used. A: Purified native enzyme, (O) acetate buffer, (#) 
phosphate buffer; Native enzyme free of the most heat sensitive form (heated for 9 min 
at 55°C, protein concentration SO-ug/ml), (D) acetate buffer, ( • ) phosphate buffer-, The least 
heat sensitive form of the enzyme (heated for 24 min at 55 C, protein concentration 'jQ-ug/mO, 
(A) acetate buffer (A) phosphate buffer. B: Peak H enzyme isolated by gel filtration, (O) acetate 
buffer, ( • ) phosphate buffer. 
012S of t l s mm'vit^ &^mm4 s t w^ poaltfim os}«»»^ x>aSlng to 
pern nx# ih^m tn^^M i^i^esb^ t^% gaak t mmsm tmSs to g»% 
eonvwptsa ^ 119^ III ^simi^ ^ ta%axioai«fto fi>i8»;Ui» of pNUi n« 
I oi<3ea2«r ti^^ito QA Umo t$m& g»&m m aete^sin:^ t^ ^ mtysaiieo 
S^c H^ w^fijs^ poxlo^ of ttao (ftg^ldit) lEiegitUng ^ba pvdotoM 
«£ tl^ tao iomm of tl3d oi:$i@)3d dlllisiltig ^ ^isir ^i»OQp!||Mlii^ to 
!»«& iaaesiiriiilQa, vimt gmk IM mss^t isekl^d^ ^ pd Il2tfelii»» 
«m9 «^.^wtod lo & ^£i£l«r iei£K3 of hmlb tgm&ma^ «6 S ^ t o ooa&l)* 
&ao3» rapid |(»d of c^io OQ^  of tl^ to%i4 sobi^t^r HMO «iKior«e^  (f i|>il3} 
n^nM x^E»3!xig ^ U» 9m% i»s& mm&itlim Sam oi tl» og&tva ttai^ iQD 
pafiHoa iwUi»i fmsgm limmA m ^ <^ ,;(ISa» of S^ asd o i^i^tacr 
«tio«^ jgH &*0 iHQ»imU ^ t ^ I^i^^ ofllOlo t^a&n of £iB 8*&*4«0 
{^ ISJLdfi of t^ ( E f i n e ^ n ^ i^at StmsUi^loS <»»;|im» «3io «lso 
s^xil«a* %Wii la^ mttos fl^i^aci i@a wmetm^ of i t s laost hsi^ 
la i t id i ^ <^ lil@iis mMvitf m§iatt0 m^tm of ^ 3«d*4*0* 
of tias el3(»l<li:^  ^  |i} S^ O ifig»Xm^* tt» mmO^U so^jiflMi tl2«t 
t ^ soat Istfit s^ QidiUvi 2om vt 11% ffi3sp» (iliif^ la tarn aggmam 
^\x» tbd mm m peA Ul mm^m mxMma^ maMm) tias « {£1 
oa&iiMtliis a sbeal^f «e^  sfi a»0» i«ale III «iti3i» £kaa gsil l!ll^»» 
i d ^ @s^ Iftsa «fQfti%l^  Is t ^ ^ i»>4«0 ff«|^» mm t^tiu 
mmidtlv0 &im 9i ^m mm^m am %tm mimt, ftae ^imMUXit^ of 
1^93 <^C«fiasQ0s in pB ootiviti;^ ,?m^^& 6s» to ^tBammm $a 
of lim mU.^ mi ^MS^wmUalz^ tiEii^  £aoal|^ «fioa ms^p8s« «be 
^C0 psitoxsi of |B iti i ism^ 11110 o^stsvos Sofg ilo aaUTo ei^ 
partlciUy bi9t^ taftotlimto^ iSsnse of tbs w&gm Iti tia) nMogs of 
aisi & ooiios^ s&^U&tf iMtliiom iM 3^<*d«0 ^ t «2I1 %l^  «!^p»9« 
a 8&o^ 2o ^ » ^ ^ U B UQQ f^ t>li t ^ i^ ^&if t^ siiQ ois^ sflBo^  'a» 
® ^ ) 7 ) , ^ ^ ) ^ ^ 1,9; 
© CB; 
'"ig^O. Double immunodiffusion of the anti-monkey brain «c-L-fucosidase f-globulin fract'ior 
and the ammonium sulphate fraction of the enzyme from various sources. The 
protein (mg) followed by the enzyme activity (units) used for each well is mer 
'loned in paranthesis. 1-6, various tissues of monkey. 1, brain (0.9,0.15); 2,intestirt 
.19,1.9); 3,liver (3.5,1.8); ^, kidney (6.0.3.7); 5, spleen (2.6,2.9); 5, hearr (3.7,0.8 
', human brain (2.2,0.^); 8, human liver (1.3,0.7); 9, rat brain ( .^2,0.8)-, in,r.r 
6.'~' 05). Cpnt'-al wells (nnarked A) were filled with 1.0 mg antibody prnfpi" 
wM B^os mti^ %&tb 9u&i oUimr ta^ %bo br«lo mt^m nknam^ Urn 
pfoasaee 9^ spur idtti ti» «»$% of tie eoaiais* Uma^ msgm mSmf 
ig^sUa £R)O tl^ d tas&a m^ Ufmw of |g)»D aoa »% ltef» f^a ^XIF 
fiaroi^tQet bt^mm etsupds 0mi ts^ dD «Gta Uwr U«3i2»« Hem bol3:b 
taoaSm^ mA hmm bsvUa mm^ms im& ffl»&le? ma hasm Hvim m^gmB 
(Fig,2C0 01^ 80S) uta €fym8V9&, mfmm ttm rvA tsraSa nod Hwt 
«iH«pea i&soiii<3 spat fbfsfl^ too u l^ tfo« QOIIWB tarn tbz othm 
ZXX«d* 
^19 unfilled oUtm^msMm9 iwm mt^^ tmda gtm A 
i s ^ ^ ooff«8^c»i^ jt0 to 99^ 900* Gal lU^tttJU^ 0$ t^ trntita 
«iupaE» on i^@|l»i» (l»SGO $»t®' ai^ iaiiaoe ll»r t l e ^ patfca of ao io i 
aoUviti^ id%b aplogilar v^glaia o»f»i^ po&dilag to SSS|O0O (s>aik l}» 
i4S»0Q0 (pa^ S ) aod 74,00) (pttiilii Ut), ^tm rnxOU io^U»lo 
^ot tb» poiSt I ms^m I0 a tot£»»r of i^stloail oatxmlta eg 
t ! ^ 0S3 timtooatt voealt^ Sa tHo oooplsto aiaflo^ to%io& of tb» 
•08i?!M» to tl» ocaiaaar «^»a3L» LaddmsntD i^n^^ o* paalsa I «ia !Z 
oa 2^ fea^ ixQ*>S0O ti»3toa6ao a t^ite«? ibr tba eetrntalm of tlia 
tolif«Br to tlie eaaemof %lai tita ^Sai7« £!»» talxwraeto ootaio 
of oC«Xr&H»^ aa£es offiisleUag of iOeitaoja aabaaito fkm imm 
liir«r CiftS) fiQd f«t Wvw ddS) hm bam t^^m^m, ^immm fst 
<8^t« (t63)« il» htussii l>i«lti Qii«^ B l:ii« mmtMf bam r«^ft«d to 
in iSm mM^m vm^m I0 cot imomm 
mksm^i ia ftu^licf T9gae^ iiM^^) & temd ms^ ts^ 
\xim^ Ss^ta of oimhmiaiePSSMsm ttamO^ oa D^ JM e^nklXaloso <!l«aHAo» 
f^cn IS }^;& tt9 imtAvrnKsa^ of oaitioagrl sreqpa ia t l» 
oe^QlyUo pioosei io UMm^^ t^ i<i2 i s l^rtbtr fo^piitoa li^ « 
MiSi^ l o ^ of ttoUviV tipoo wulcSiici of Ikw ofottsigrl gioi^ m* 1^ 
to t»t«w^&lijf ttm^ mSm aeia «cMlpls 4i»lA oi poiilSod ot«&»fitoo» 
•ictawf ftoB &liSBmm mmeiMjm oi^ ireoa re^r^oa so SiSF CliS«l6d» 
*he lii«t UmMtmim m^ jiB iisili^^ pfolStlo o^saoe 
iil0o miQ00^ t ^ piooisflw o^ «br@o J^ steo of t ^ mmm^ m& m 
<toiOiitMd tirjir »lio»2l^* a posffltiao cia«ltoiiiMp iJotKnoa nbo 
tfesto &»a o^ ioxviMl b^ pH mtmMm^ tma^ im«tS,vtS^Sm nod 
2^ psolHo 4«l» ia»p i» ^l^ Hm eos^ im^ mmiU'^t mm of 
UM mmm a^ sKWVS lo Ue aSffilltf? to simii 121 {msmm ^om} of 
Sam Qi «to ma^fm N9 a |tO <^tisaa <ilf f«S»4»0 nitfo^l • ^^OOif 
fi>& pO S)»o «iidl i t i t p«sani^9 tlu^ ^» mm^m oi ia^^mmo^a^ fatiA 
fita^iiit^ «10» fei9 a | i opy®a£s «»9osa 9»9*%*Q tilth « dboold^ «t 
pO 34}» 'S jr«liiit&i8i9liip toivMii ps^ I am pmdt It mm^tam ea tt» 000 
tma aaa tiai ma^ma i4tt» t£» loKst a&a ia%9tm&ksa» bam amai%m%^ 
m tim otin^ oooia w% i» &imt^ ^mim^imd hmamm of Urn am»* 
tA&Um of pmk U ma ^mk HX «a^ |X9»a i^lH p»si^  X aat^fm la fai^niig 
psopoitieas aa^ a faSal^lv^ n ^ MiSNiiidifia of paak U to p^le WL 
im and^tmd bgr fedbsci^si^pi^ of JPOHIGB X ma H CS yi^ibitei &»aoQ)« 
1% is hDvamw pff^mmlsSM that l l» poa«ai I ftadl II oia^soo oonw^poaS 
to mssmB of lo«9t «i^ luloiitiKllttto l%»itt sBBaltl^l^* S ^ lfea.lotity^ 
efeasiswt^lstlt^ em tl^ ttt lio oc@l£|)oa to tSm U^eao l^mm of <^ l«» 
aieo^4«@9 of latat^ y tis^o* 
tmaa^M li3X«oal«r fH Host 
«I«MM mS^ os^Smm utttlnlll^ 
Fotfe X mv/m 
fc*iM^ £E <»»|a^^ei 
I'i^^ XXX masm 
'iaittmmp 
Dlntr 
aaaojanr 
^%O0D 
I4%000 
1 ,^S0O 
3«a»44i 
S«5«4^ 
8*0 
Bofo etaUo 
SDi« stflblo 
Imi^ e t i ^ 
@iur f«H»l.t8 OQ Urn ismm>lo0.m^ i^aiaofi^sitlcm of <^I^ 
Ssisaal^am i^m rasetmm UBmaa of iaim»^ ti&mA tln^ Us ooaoi^ 
lioXfit(i4 Stm tto aooa^JisX tli^isd uno oSoilXsr to oai^ otlM? I»rt 
po88^8e4 oaXjr « psrliiA alaiX«il^ \AiM ^& ^vilo i»apo« Stodliw 
legloally ^;i^lttr m mm t£w tt^mt suspsos Smm U»i» t ie ^ta^tos* 
of uiba^SS ua^ £&B0taSs$ (3M94) l i ^ Ibuod t ^ iRHS^slogloiSl @tiil)» 
l«s&^ of l^ iaaa ItralA una l i w r l^ ia}d.^ li@90 uaOiig aoUtioi^ i^imd 
a^iisti tl38 {xtftHoa timm Uim oC-a^ feeoi^ USwa» Oar Maeate am 
oamjS3 as ttfo l^ ost of n lte8Kik*pxliaMi# soliillflrasildpi t t t i& a^ igr tuno 
oiroitiy4»»ir ^^Simm&m 
P'Om&smmMm mm :m&i maa 
^aim(lm^<Sm& ftni aootoj tVAla faftt mm maoiMwd into 
?y90O £»2<l f«i^t0y^wl^ tfmt Ua tmosfist^* 'aha ma^m i tMfili 
gaff* OQ ai>>^|«i^l«^at gill oloelio^istifl « pfo^ i&ii tMeid idtb 
^et^ ^» mis^sm <% • 1 ill^» Oalaiilo^ i s lAll^ilj iiMMtor^r oj^ 
Mlos^ to ^»i^t^ ffif^aols list iYiten t^im hm m •££iwW ^ 
@Hls0tods «entftliiiQ3 ^^resolipl^ pliio«e«3aoaztad(lt« la s ton^ 
mi9sAjS» 90^ Q^i ^mJJLmi^ «r» oeit laliiMtcH^ in tKii» «&MMe ef 
dstorpQ^ >^^  C% pn^loa l^ vixm to « ptyt^ iib iiMbltor <a^ 
la I2i9 praMBQEi of ffitoo &4oa» Ffoe d t^lOe melpieotii {Osto 
ta}9 iiMMtlofi 1^ GHi &m^imiiiS» U INK^ to II» of a aiMd l9po« 
aili^ %HLi£>ai«a L^|Qedip&4 it^Nityib^i «ta» p^ g^fOnslofiliaaM a li&Q 

IVtS. iiifimimm 
^tit mmm phgAtOtasi^am 0«&»|pl«oteeli£i p34»teli9il(0» 
ei^iaastivd etOwlAs tmm tmm €m» tmtim^ ,^|^ ma^m <I86)« 
J9<<SiiSm9i(^ <lsM £ R ^ (ft lES^ Mki' elf wiHBUltat tlBattiiB tmi tjotzi fffMBWi-
%»stii4 to «ad0t iQ VBfloas l^v«i to tte teni Uia»» ^^i^tng In 0 
Qftlvallf ctoeoifios i^i^olipl^ jiantetnlBg ^islaiAljr eip^fd 
tmm U«sr oslag dsfQitl»tt<» lobilfiitM 0Sl oi? ll» tiyle^ t e t l ^ ^ 
oolf tio i^ :;;^ «iSiiallf wpaiidiQLo i&tm tmm ^ma fi^ pcottd td «sl«t 
^lioii «f» 4iaip«6«d M '4* iisimw waAmtaOMf v i i ^ ) «Q£I '3* 
(M#*f @Di@oi}|«r fH&i^) (lift)* !!» cfciifiiPlwrfwifelm ot /3»iK2aeto» 
i^iMsss osiag ^yi^ill^a 0a&«litttttiip ft«tiilf iikl«BSoi^eav«aia»^ 
UeHmi^mmA^ mSi C^ gn^io8t4o« N« itxnm « eae|3l« M^tSoa* 
ildd. oi^il|to8 t ^ aBgr«aill(xi of l«^ggi^«ii«8i^* ^«ipr (IS?) 
asil 4'«Qito «sd ^mM (168) 0Qgo»stei ^1^ pcsid%Alli^  of tisft 
%tmmiR itmsmj^i^ (180) temisinitsd tti® |39?«iafi80 p£ Itoto^jr^* 
«etlirlU«8 IQ tli« weo pi^ J^iavi^ b^ii %tA^ vm diD fiAl^  p»lll«S aa&xtQ 
m ipt«!»tle flolai^rsl^ Stivll:@r @tituiii* dIseMioi tin IIIIISI»]IM of 
4Bitex;ei&t o? ft oasMiisitlim of d»ia]^ Rj&a mt m&iKiaM^ ^«ei£leit^ 
ixi Urn mim^ for l^w iMXo oaii^ ^l9Wiipid» «• mAnAaniim {S04i^4.9i)» 
Is pff^ aebil^  t ^ mm m C% gaqgUo^df /HPAastotliSftMt ! • Ael&v«l«iS 
&Q3JJO) ttia^ tsm duuraoldfiatil lit? prliwfi' ©(meUe d0£teli»tel«t of 
ih& msitimof of ifaaetoi!ylo«i«dd» (193)^ gulMlei^a^ltla^staB (194)» 
e^mopiIaoto^^M^jc^iiat (193) w i 2aol«»a@rlo8rsittdt (196) l^ fiHo* 
IpdUig ooUwiilte, In m^ gmgUdsia&i^^ cm t22« oltor baoS^  /l» 
g»X«olodjla@« ocUvlUtA tm0u& tin i^ ycitliotlo iati«6i»6oo» 0% pagli^-
siaog iKliao <% p6^toil(3o oixl Uii3toiQf2oo»«sS4t (lSS^90fl9f «198) 
019 giaalloiiiUy iaHeimB^ 
AUm^ flDK&«BSit«t ft^ a^ ttoo IMKVO }mm tmSat mi tito p!»iftoi»> 
ttoa aed clMa»6l«fiti^ i<Ki of oe&i /}»iil(ieleet4a«o of Uvor (199^800) 
fkoa tlio l»«io %Um» ylaitii to liel^ to tlii fiO-tetoso ooatalaiog 
el?oolS|dd8 «Dd i« 0 « iy^ IMopt Unr ssail^iotaMm^ of tho 
IEiQ0llo4ai.3r Usis»d dt^QUaejr ef jHlPil«olo8S4«8»a« forUtl pirl» 
Ooi^loo of/B-iil«elofitd«808 item lot ^pila ias twos fo^oitwl (S(^t 
S02,a0S)« Jtei^viS« and lio^i^ (S04) i»li^ ft flgrs^hotlo fi^tvalOy 
sepoitna • SOD £al4 piri£tOi^lim o^ w^lbi% tKri|{i/>>gal««iti0 l^teHi 
t^ iSDb »& fOfs aeai9 «piisit^ G% ^^igltosliSt* Q«31il)» ami Qititv 
(004) «o%«S (^ cm (Ml pa^leslds us nail at tmti&t^imtmmM* mm^ 
QdStl^ t » ^ oii^ieQtisM (&S?«iai)» Qi tti» e^oswxt tiosrl a otttliod Is 
{|908flted So^ tta ptsiiim$$m Qitib&%m mSime^x $mm of/^ @idUi»» 
otoOl^ 1 ^ v«rt9as (tasmel^ei^im tao^wltng ^ » ©li^iet of ifsxUan 
Oatofpofta toa i^^^^^as oa tt& tpnti^wis of ^ sfoftt^ etio mSba* 
tfssto* ^ ^ hi^ssl^ls of %H%&m l i iMUM #;ool%li snlbfclfitos Ig^  
lttotoQ0i!«^Eoayft$ disosiKtc^PD i^Sj^ llsr SCC^  pave) iino pfo^uets of @»QEt 
f^ aalirfeii. sQMSkBa tgtffTiiimByfttfioliiftB isd V'^ ^iiliffffifift^fffilgitiii W M -
tiofo i^o&aelo (4 gytat^ cliioss&^Ei^ E^ei3Ul$' 9 ^ pasOf le^ i9,aoi06) 
eod olafte «idt<l mm pmbm9^ ^em QsSMsctm^ l6 ^ : t l% €•• <0a&)« 
So&im bofo [%] M i i ; » t ^v^ ^^/msH mo « p n ^ i ^ of tbo (iA)31o» 
dtsEdoal C«sl«»^ i^&ttrote .{hsi^m&U B«^imit3bm»^ &«4**^Li«(4Micitl^ 
ioiteea So^Uk Qo*, BodtmH^Vf i«f* (^M,), im^md tmtxmmM Co* 
Zm»f Ift Os«ii@»« X31ti3ois (IB£| &a& aoeteao latttstieoiit* l^ to»p 
tl3» 9U»p d^«al6«|ft sts^ ««<i iAtb» o^ilitMd dras «»irot8 at 
e&sMiom^ i& Sb^Uaw IZ wd 2I£ or mm of tl» b i ^ s t gfiao psxitf 
'*ho tiTiliio mm fooovod |js»Kll«lti^^ «£l«r a»iit& «ixi aSlia tdpofStUtig 
PSfsaaoaltef MOAtaoloe iiC^» KX3/IIBDI^ te«l8e tofosi (fitiasiii oM 
^/tsiolot of mMaR «Q«6«IO loliiie ^ S»9 Is & t o l ^ «olGiai of 0«S ^ 
£l»r a& Sits «!l 97%» ^20 ffi@oo?llos wm siUip^ ^ tim ^Si^tXm of 
0*9 s^ of 0«&K ^^^m^mM taimf ^ iOtd* *1» Wixm^ima £>»e&tio» 
fk3g.:%t If mmmmf* Oim aoit of Um ooapfet i i itftoMl oo t yonolo 
of pnsltiojtMoI. UlsaiiilQdi pt» hoar oBdov tl» staiaiflPd mma^ OM^O^ 
tli833« Still swetilc^ DBO liaoiV' idt^ PMPMI^ to tSaui iad ^cvlola Is^  
^ « i ^ 0f «Qa|MB mSx^ %»2QbiaiI«<l g2yieolipt4 •Qtbstf«%8» 
and SoBskili oi^Saitsd isr p«i& f «ii3 ymk XZ ««ttfi^«« (80)^ ullii 
^trat# plwapbafie lia |^i»? |£{ 4»3p la a %elfll i^ow ef 0*1 d Ibr 8 hf 
i^ili ia tl» £i«»s@iie0 f>f l^>«^ of Siihti^ ixio^ Qoi^ irsdwljato noi lO/m o^ 
3 Isr* lo tilii ooso of [%}<"igel«i$os^oinoi^ a9 (1^ ixioldf) aspa m 
of Sa-tassioaMiiMioXtfbft «I«B fodBo»a to J^ SOxtg «aa t ^ tacttlwfcloQ 
vas eatf i^ ea^ «t {II s»a» & oU Hi* emm limm n^mUfJimtmilM 
m lm(l0i^omeaM mm m^^^o^ m mlielfitMit ik& «oa»tim wm 
e t o r ^ l^ r ^ e fld^ttos of c*i i^ of 0«lli ttaXi^i^o<l gyiaLMteso IbUonod 
&71 al of < }^ofolt>aMaetlMa(»l (sa>» fl» pooMi ^^f iftmm of tilit 
mmwmmm U tin W9ta«4aii^ 4oo tinlo* Ubmmi @iei#losia» t«t 
&«5 lag bovlao Siim «&l»Bda ia 0>6§ ct eod 0»i ol of 0*1B oc^ i* 
j%30l&ir S ©In «t %XXP&m '^t» t^is^tmm ma omAHdt^ mm %tm sqp«i^  
S^^^p^x^Fl^ NUK^ pot iiSot of ^tesioi C^^ * vm esa^a to ^ 
Ctoa;Ki9;S»soiw ma pm^am^ m ^ms^Sn^ M Ct^ i^ lsr ttt mm^ tint 
6 %i»mw mmm% of o^rsixtiia l»st»l^ (SO ti^oA pnolt^ 0^liii90fi» # ) 
Ooa^sl of tSio p«deeS fsH* 
Ol tl)d ^p3f«yioii8 i»z9 o«ti«a ots^  o i ( H ^ oaJLoit 
ICX) ^  of ^ fimtoD eoa^' t/enAa ma faaBopcAtod la 
966 a& of oa}8 II is»%mAm {it2Qi^ ;li«l« tjoTllir |fi f cO In « bating 
mtB^m II97 9 adii fit t l» jmOmm «pe«a* fte IsttegKiato I I M fUt i ta 
(S35 edt) ipIM *HiBfwit<!Tiff ffiiTirfiiitT (309 gp) VMi eicNAsr ad l^id vliSltt 
30 QlQ of s i lcsl i^ l ie Dfidlpltttloa pKotela t»9 otiUioc t^d t^ 
o<K l^C i^@ifeleii i^ &&1COO @ Ito SO ela. %^o pseo^ltito vts ma^fm^btA 
to ^paiS&a^7 f i s^ . of 0«O3M f^mt^lMa trnfUir {iS 0«o ooaUliiSae 
QtlSM Mil wd OSfilyiBd «gilii86 S M t of tte itMw bofDiv ov«9r » 
pofio^ of td b? tdllk o£e dMBtPc ^li» ^al37»(l wogpo nat on t i i * 
^ipa «t IByOOO @ dNP 80 ala aKi U^ iv^iotttaot M S fulMid to 
G«9K to Biia eoi»QflBl»id4o{i fagr t l» od^tlea of tfco tggmgaeiti^ 
to3sno of 411 S«^ i& O«0IM £^ai;|}a&o £nfS«> ^ d«0 tefoio loadif^ 
00 t£«0 C^ SQ^ KJl^ btBOiO WlTMBt 
loaSid m ft i«0 OQ X10 <!i5 mHism of <^ »AK^ t|^ aso8B» OOIIIHI ptmim^ 
msi!msnSm vltb 0«03K ptiMiptigfei InfS^ pB 6»0 omtaSstag 0«9IS 
iiSI iS^  a floii f f ^ of 89 el/l)v« f^aeMooi of S til «»io ot^oolo^ 
Bitm loidSsg^ tlio mUmck ma msbtCk idtli 8S01& of OvOSH pljogpluaio 
liofi:^ p #«o 0!%^Mili^ 0«S!i i i a ^inm ti» efOasa^ utts aloost 
Deie of pflstolo as Joigii 6^ SIIO BO tiimtg^iijmt M^s^ixm vm 
m»$»& m& i4i^ o*CSK ilio^pijibo bofiftr pB 9«3 sestoiaSi^ 0«&3 
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Fig.21. Sepharose 6B gel filtration of 5-galactosidase. Details are given in the text. « 
^-galactosidase activity; (O—O), ^-hexosaminidase activity; ( ), absorption at 218 nm. 
eCmmHis^S^imoei&t ms& 0*&n BCU & t^9r pii»alsg So tal oi? tlso eloaait 
s;^  ^ , m&i ti£ tbB iSoUoc m i osisitd mt «t 89^ i % n t « i3ow 
iroloiagti of o«0$ll stl£}^ ?^ :«l« txtfior p 6 ^ i ^ 9 tar tdt^ tm olnng^s^ 
6& iD^cif ale of % tir. 
colmm |»«**o<pSlltw«:Udi v i ^ Q«0Sli pbaisi^ ii&« t)Qff«r p 6*0* flit 
l3o» f«i»e va» 40 zdl/br« «te oslOBa I M I iiMl»<l» 0fs^ ijitb SD B& of 
iss 0«2dll SiCI (0011 rou Hd ^ i/lar> tnd 3 si, ttwMma mm 
oall»o&e4 ^ ^ ae i l ^ £fe«etloe6 (S to le) U^M poolod i»a ccnesi]^ 
lafeoa Isr m»am U to a Ooal fola^t of 9Stm% $ isl* 
Sjeswr&IOBfi of S lal ii»o Qo31««lod ^ o i^ oi» solo of I f ssl^* tw> 
^iniliiot ^Mtif of mt^m oetlvilgr lon^ ^kil«olea» disl^iilod M A 
( fnet t^^ &7 $0 so) flod a {fInMftloas X9 %o 81^ (fl@*£l)* 
of th& magm 4 i»s f^ati»r psriHod oilt^ ES^^IMJOUHIOM 
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Fig. 22. ECTEOLA-Cellulose chromatography of the ^-galactosidase A. Details 
are given in the text. ( •—• ) , 3-galactosidase activity; (O—O) 3-hexo-
saminidase activity; ( ) approxinnate concentration of NaCl. 
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i^tAm of tise 8901^ bmls mai3m Stem tim Qi3aM.it^b»mm ocAosn 
vm Sow& to bo tgi^ ;Nii»;tt2yo ik^aa^sg^ m XQfoftod tt^  i(H?aao m& 
Q*mm itm) am «6 asj^ i% sad a pfl of f«S (»r«r 8I@ of ^29 ms^m 
oeUfitii^ ooaM bo ola^ oQ ufltiia i»S tSsui ot tlm bod mi^ Lsao of tt» 
mlma* Sbo %;^ iiicl4o ooiWQ&Pfilo^ PH&S^bttani (&a«6o ^tea 00^ 
J&otM^ to 1 ^ mtfel imi oa i^s^mBom &B aA gB V^O is ti& psoaoooo 
or 0«3.3B miSk ^sm %w psofeo of mrn^m oeU^lt? ^TIS* the /l»@Afieto» 
olSseoa & and 0 (lif^SS.) liiidi vwro pojieioa i teH it0<3O oaQ y^OOD 
&M te^ovlt&itsa^ vmt UM ^aopos^ vllti «o ovoia^ fooovoi^ r of 
%9»% ma S«s^  fOfipeoUffliljr* 
ttM^ b»9 bow lixMS to tdnl to 0i;;^ Mki|ibod«i «i» |B <M9 Sttm iK»&iqr 
bxiiii (aQ9)» taio aim^ iem^ to o&ato idtb 1 ^ fi^iffOmitoidiSam 
«0tifit|r taitll Uto i^»^bamm &) pH £Utnl4o& stop* M tbo gaa. 
lUtfaUoa stop !!» contawinafciag 8»oaotgi*;P*b6apSMlnt<!iiiW 4 «a« 
£N}j4«»6od £R3ii fh^mtoaMtm B m^ ooobioaiilogDapbod «dtli tiio/J* 
goleetool^ffio a (flg*SJL)» Q^  ebfoisjjilogi^ ^s^ of Uio /^ gatootoidldAfls & 
oa B^mUM^^tMa& m p«rli«l oeponiittofi of tim ms^mArvAtng vmsftm 
vm a^^Kod (Fig»83), ^lo etup^^lii^ofttoaliSaoi & wm gofUUKi 
ibo ptnifl«d /i»pleoi93ldaaas 4 12U ii |^ n^«rfiidoDt aflor tt» 
;^flpl3«3R»80 ^  @QI lUtfOiUoa stip ilKut otofod «t &^Pc In OcOSB 
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» is top i |^ fit^« XQ ttss IzssitS^JbaQm 0^ ttMi ^ M activity of 
U^ oitbsr (Hd ool^  liifia car OIOIIKI ftosi t ^ oc^bim ti^ 0«iH Mm 
|gf#ffi£| fod tiao ot£<9f (£N]0<it|Sh'p*$wc8a(8tfil<^Nio ^} tidd^ ifAtxtod 
&/ ^X0im salt oonoK^stgltQii along tiitl:t ja i^PAaotoaSiSaaao* ta t }» 
alsxtod idtb^ /K^naai^ ossldaaa &• Sn tte «ibsif|i9S& a^p of aDia^lli» 
CdUdloflo los oss^oE^ (^ iSOBHilegs^^^ of /3wj^ laolosl^ 2a89 A^ DeaotSeiia 
IS to £& Cfig»e2) if^ K» coUaoilau S&w bmsmmitdi^»M i* ao^vi l f m& 
t ^ ^ ^>6al2iad igpaatotl to ba 8^090 M i l piisWM& ovar Oia i a i t i a l 
Of^ i^ a b9e»eKSil@ aetivitgr «itl} «a o^rarall itNXivwqr of 4««l* ^aSt^ U 
meaataAM9 tba psui^ fi^ uycHE} of •^aq<*t^ |3'fHNfiSiMy l^itli<^agi ^ 3^ia 
pttsSflad « i t ^ » @Bni a ^ Q ^ al^ep psotidQ Ijae^ ^ pQ378i^:^la@l^ 
^ @leeti«i^ fej»Ria&a ixx<$ mi^fS p i s * £4»a of ^sa goopofttaa of 
cxa i^ Inelii i*«ogtga>'^ D»feaaPBanttitaiwo mx^fm tiama bcoo atadii^ ^ 
^mxm m)& Qaoi (90^)* 
^ t^ Mlmlimi i^^xU&& of t230 fi»pSLm^^Gmsm i^  
ani D yai& i^ aatati aftaif H^ Q i^tiasoia g^ ftitriitloQ etap* 
Aha ^ "gftlaotoiitdlaaaa 4 atsa i tuasa t f» i^ i Dar ^ o {sm^aoa of a owtwr 
of ^^oosMaaaa oasi®!^  oC«4)»g^a«ftoii&(&iaat o<«^g2ao»8l<lMMi, /M)» 
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Fig. 23. Molecular weight determination of ^-galactosidases A and 
B by gel filtration. The Sepharose 6B column (2.25 cm x 
^7.5 cm) was calibrated by passing 2-5 mg of the follow-
ing marker proteins in a volume of 2 ml at pH 7.0 in 0.02M 
phosphate buffer containing 0.15M NaCl. Fractions of 2 ml 
were collected (flow rate 17ml/hr). 1, trypsin inhibitor 
(mol.wt. 21,500)) 2, ovalbumin (mol.wt. A5,000); 3,bovine 
serum albumin (monomer, mol.wt. 67,000); 4, bovine serum 
albumin (dimer, mol.wt. 134,000); 5,glucose oxidase (mol.wt. 
150,000); 6, hemocyanin at pH 8.3 (mol.wt. 900,000); 7, hemo-
cyanin at pH 7.0 (mol.wt. 9 xlO^). A and B stand for B-
galactosidases A and B respectively. 
2 
3 
+ i ? ? ^ 
a 
F i g . 2 5 . SDS-polyacrylamide gel electrophoresis of the unreduced and reduced 
B galactosidase B. Gels 'a ' and 'b' represent the enzyme B before (75AJC 
protein) and after (12 •ug protein) B-mcrcaptoethanol treatment Arrow 
indicates the position of the single protein band in both the gels Gel 
c' IS a simultaneous run of a mixture of 75 •ug d each of the folio 
wing unreduced marker proteins 1,/-globulin (mol wt 160,000); 2, bcwne 
serum albumin (moLwt. 67,000); 3, ovalbumin (molwtiS.OOO); i,trypsin 
inhibitor (molwt 21,500) 
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Fig. 2A. Polyacrylamide gel electrophoresis of P-galactosidases A 
and B. Experimental details are given in the text. 
A: 3-galctosidase A, GO/ug protein. B: 3-galactosidase 
B, 20 /ug protein. 
imm Mum to be l^»t olf i$mm uMfiUMm mea^ ^»P ti» pzvsaooo 
tbo /H»s9MiilidaB«3 & final />*giAacitof»ldii» k vm mMw9& l^ -
%mm ^abjsel^ to pQ&|tei^l«l^ ^ «iloe1a(ogi«grMio in 4^ «i3d ^ 
masm & giiivo tie <^iiaog lajor Ixiatk oaa %IJO BIIK»P Ijisdo lail 
idL^ a Mglsor «2««6iO|l»99llfi @cMUt? at «0G a^md to tl» a msgrn 
olootiopbcani^J* QtH^ o etoglis psotalo tmA vm obswrwl olt&ir 
idt& or idlSioat /Hwar«ap>te«ittifiadl ttoetosa^ (flS«^&}» W}» oo}** 
Older tt^cltt o« this t»a^ os oiO^istoa t^ ito v^aUvo ^U«(tvo» 
ptionftlo Qoblllty cpa^aioS to va t^ooo asofcar ^aotoias bf tbo sfii^ !o4 
of l^ obor 003 o^nm (1ft) I«MI ti%>fosla»tQaif i40»<300* IMs vol^ 
iiao voi^ c^oso to tbo m^vsOm wA^ of tSio cilMtoi^dbat & oe 
PH 
Fig. 26. pH optimum of ^-galactosidases A and B. The enzyme A 
(0.05^ units) and the enzyme B (0.063 units) were incub-
ated at various pH, as indicated, according to the standard 
assay method. The activity of the enzyme A using: (A), ace-
tate buffer; (A), phosphate buffer. The activity of the enzyme 
B using: (• ) , acetate buffer; (O), phosphate buffer. 
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Fig. 27. Double reciprocal plots of ^-galactosidases A and B activities. Standard assays with 
0.076 units of thie enzyme A (fig. A) and 0.06 units of the enzyme B (fig. B) 
were performed with varying concentrations of the substrate. 
Vv 
0.18 
0.15 
0.12 
0.09 
0.06 
0.03 
1 
A 
-
-
/u Jy^ 
1 1 
/ A 
^ / o 
1 1 1 
K, 
0.18 
0.15 
0.12 
0.09 
0.06 
0.03 
1 
-
B 
1 1 
/ A 
y<: 0 
m . - ' - - ' - ^ 
1 1 1 
0 2 4 6 8 10 
f-D-gaiactonolactone mM 
0 2 4 6 8 10 
T-D-galactonolactone mM 
Fig. 28. Dixon plots for ^-galactosidases A and B in the presence of r'-D-galactonoLactone. The enzyme 
A (0.0A6 units, Fig-A) and the enzyme B (0.048 units, Fig.B) were incubated at three 
different concentrations of the substrate with varying concentrations of T'-D-galactonolactone, 
as indicated, according to the standard assay procedure. Substrate concentrations-. (A),1mM: 
O , 2 mM; (•J.SmM. 
md tb& «t»i^ n» B iliottad « ^ opiOmm in tiis nags of 3«0»4*0 {flgt@@)* 
^KJ *^MipWMfc3BBItW MBppwifcMW^WW'B' •P^l'^^fc"wiBfliF*#« ^W4™fe^lwPi^ jgrW^P w^^^W ^ •WiBiM^"''^^ ^^WB^P vMWw*>^|^^p«iqpt' •#*r fWp» 
tl3» 0A«9to(d^yi»9« & «a3 S ibot»a aci iftosUoil. % va3ui» of o«S2 c^ i 
E^i^lS^ O^PlQ^ IjR^ afibgeiril Al!llll1n UW Ibstt^i liO OOlaoflO 
tlia <afiismo Ofitlilt^ VIMS ft^Ml to t4ia tifs^tftoB tdsS^sge fiadoiolis' 
%m M 0311x8^ ym «li9a In on. ^ «ii94p la i^ l i^ tiso ^ t o i a mo 
telou 100 y<^ » Ooi^ Uai « i l o t i ^ wffi §^oaB^ $o tie oosoatlil Stir ^Eoasyvtng 
&^b» oQipo la •elit'tpo Sofm lt»t la fil»» l,tiBi3&iiti.oa vSa^xsm at ooaeBaoib* 
C!BS&ia&9 M{|}or ttMi o»&l i t i^t Dt^ soa ^ bo ialdM^os^* 
jfta^oOft^tl^ y«4MI^UotoQol6alof@f o « s ^ IcaBiii oos^pitiUvo 
SeMt»it(^ of ^ co^ OQ^ . livo^ p^^plft^io^iisawi ooa^^tillv^y 
oe»30tai^  (%) of i li^ (^g»St)« 4ti a oosee^tse^ldo of &o £S^  UeioMi 
^K^ OB of&ot oa llso esa^ ft® ootlsri^ «beioo9 ^oeio0«« oao of 
tlxi pFoOooto of t|}0 foiiellcmy «^ 16 tt"' etagsa a cliJ&% ioat^iUoo 
of U«I4i$ of both t l » mi^^o k m.. 3« £«l&lol^alOi A ^foo-» 
i)toteSQ eo^aSnlai taialoall^ ^piopil gilootosse f@8l^ 3«3 vao 
toito^ i ; ^ a (s>mmlis,mXAim 0«^ si 2ir%« t% vm QsmiQ, to Iso 
Inolfoo^i^e m m, isM^Vsif JUi t ^ ^imsmm <^ io ^!» ^seaoo of 
^ ^ Goaloaio dol^rpat Vxltoa M l ^ 
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Fig. 29. Effect of various detergents on the activity of J3-galactosidase A 
The enzyme (0.03 units) was incubated with different detergents 
at indicated concentrations according to the standard assay 
method. Detergents: (0), Triton X-100; (• ) , sodium cholate; iA), 
sodium taurocholate; (•), sodium taurodeoxycholate. 
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Fig. 30. Inhibition of 3-galactosidases A and B by various glycoLipids in the 
presence of Triton X-100. The activities of the enzyme A (Fig. A) 
and B (Fig. B) in the presence of 2%(v/v) Triton X-100 at various 
concentrations of glycolipids were deternnined. Glycolipids: (A), 
gaLactosylceramide; (O), lactosylceramide; (•),GMi ganglioside. 
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Fig. 31. Double reciprocal plots of ^-galactosidases A and B activities against the substrate 
concentrations at various concentrations of GMi ganglioside in the presence of 2%(i//v) 
Triton X-100. Standard assays with the enzyrne A (0.027 units, Fig A) and the 
enzynne B (0029 units, Fig.B) were performed in the presence of Triton X-100 
with GM^  ganglioside (•),at indicated concentrations, and without GM,ganglioside (O) 
to tt» mas^m & (Il6*g9)* &t * c^ iQeQC&xitiQQ i^ 16 i^ i m>mmt %tmo^ 
S«i> (V^) (lig»^)« i^ S&ilfir tt^smriill^as mw& sn^ %dth tte 
tx fizta 3 GMlQS fim «pitti»tio Gs i^itfSto} ^l»^ voie ^am^ to bsm E» 
elgqilloaail e£fac^ «t ooot^ nictilloQs i;|!te iir%^ lisr& la tl» pssmmsi 
pa-^Seoiaft ofioatd GCgl lol^Ht&cai of/^ ogiliiQitosldtsfta h ms^B 
f«i|99cti'Vfl7 (fig*80)« Q€i|««licsgr2e»f«B44o csmi Ims^ms^ammOM tuwl 
130 ofittoi t^to a eooew^ffiilm of nT^S tad 8t& s H T ^ t«0:^««ll9#F 
In £1)9 iiroseiwe of «rltoo I«(&00 (^££»30)* FSUste of l /« Aga&og^  a/^ 
«& vm^am (M^ gmijllof^dtt ooo^filfiiUfios vtfvoilos3 m &im& tgp^ of 
lahiltit&ea (Flg«M}» i^ ooo of tlno liusoo (^$9eAi^^ ilxNiKl aqy 
olfoet 03 tli9 /Bw^dtfctoeyiifie aotifli^ (ipl9 « tmiomtttittjm oS 
10**% ^it^ ti«8t«d ia tlio pxmmm of IQ t>^  03cl« c i^olcto or oodiue 
temQt^»l«to «Eoe9i6 S^ Ubi itMhiUm ^ Urn (SBtot^K^ t2i9B9ilira»» 
e^^d^ i^«4 Hit t in itiisi IPE flm^ns Ci^ i ^ # flonlfi'^l^ ^ r e i « | { ^ 
»«•» tiiB ofstte hcMQgnat* «• a«^ p«i«d to Hw f i ^ U bfsta WMgfWy 
ps»t£t«a i^ j^ SOD &2S ^7 ^i^wiaLft ioa BtOAm im%} m 4O0 &AA 
1^ OoUiluKi tod 6«rft« Ci(^ S| «Kl tiso ff«l taiifi «Hp» parlfUil itetit 
s)KilP7 brftla «m9Mt ^ «^ i IMSI aitei oMb fai^r • • aaaptuKi te Uip 
potiOtd luMAa tsugnt pp^m«M«of amtSootd ii£to««» ttm aol«oa(l«y 
taat^ 10 Urns tte ecii2»Q;4«? «•!#% of tim mu^m ^t • fiattttimablp 
tits^ i t ia«Qtloa| to Unf imam t»^fM9 pmffUmlUiu^MmB 4 aoS d CiW>* 
0idAi P««itiQj;ilit^ l^ -^ <^pftielcialio «s tl» MtiMtiiil* • outer of gmptv* 
tA99 of UM mseSm tsmia p^^&miwMmn A «kl i yixm 9mM to bo 
slallor* ftos ti»^ «ai9 SIMIIIS' is tbtir 0 ^^Hmmf % nUm m& 
oiM p^otitivo iflblMtioa 1^ i^l«4>^ i^0laixdUMi$CHBfi» liolMW otii osiito* 
H^Pl&alo iKiM ifiof^di^fB «0 iiMI4t«}t« agTto WtM mS.9*^ m 20"% 
i«^^«&ifil|r ftttl tl»i« imi ealjr« #t#% iatjiMHoo ^ ptflOtoM al 
« floaoHs&ivi^ioii of 10 sR* il|«&«i» aad a^oiali CM )^ npNctod •& 
ilitpit lotal iat£lbitiAii of Qm mt tmiA mmgm ^ 0SLmt»m «t • 
flooooBtfiAidci of io lit* QnHiikm maA 6«tfl» <8o$) lipvctod * 99^  
BtHUpte ««a«»il(» o^eaii of Uvor p^plfigtoftUiMo tgr siA 
•a^»f(o<l t l ^ tim bi#ir aoloei^ iir « i i # l teipis vm Ai^ngtftM 
of ti» loiar aolooiior nA^ vai^ uoi* awogit iUi t ^ mmtB^itmm 
of M i l (em) Qv flUiivMiiiii «f i@ in tiw •iixting bstTfiir (aoo) inm 
QOlooiilidP Ibaw oJf 1 ^ JFI^ flifl WtoBl iltoWj fa t iw aaRMMflt iptafll#» 
t l t i^ t l» OMftvir imSn p-ploe^i^laoi 8 to oa oggroplo of ^•gi^oel^* 
ait tgt^m^ not aado lo ioo itMdhir o <^ )tagff of pB to &«o 
ommo fft^ «l««niAloii in tiw p i 0t«i!Slli«Ki psoltlo of tto o«^«i A* 
ioiiivoy U» foaslto mm immnSaaiAm booaoBO ^ b» ^tmgm %m^ mmf 
9S of i te o0U«it§r oatev H M M emadlUoso* 
l^ iSlo ol»3|la8 tlio oH^Mt of ngUm diiit«8Hfto» i t IMO 
tmllfful y^icb liJl tl>t Iffffitf diflMEiptito Hogtio^  QMHtibr io^ lfMs tfw3.<lo> 
fpigttw litMiTWifMTlilHi livl iodlSB ^Wfft^ Nfffnytl^ ttH ^ i^t ^ w IwhlMtwy 
to VMrstfift Pit Mitt to tetb gil optif»ii1if!oiiB A oad d» Tawoabi^ UitOi 
liffii««or» 414 »% oppMT to te 00 90t«it m fa^Wttof • • oottooa 
igi Crtl#Min md OMTflo Cao&)» tlo ooolado ^ii<»fiBt fifkoo S«a£0 
libBimA m dolootiSfto ofllwt i^ilo o ftoifL ooaoMtnitlao of 8*S| (v/t)* 
ddHllMB Md GMTtiO (812} CVXOA tlM^ ngUtllty CIM^  flfH^I'fr* 
ii.iB anip toi^flii^UMinnl'ii lidilMtoS l^io ^ fsiioliwlo of p4iitio^MQ|9L' 
MOO t l w libptrnfl t l ^ Clit ifriiilloililft 1 *^^%^^ lootosA iniorililii 
Ittoiiidtowi HH ^ wmrnm o l^el itoo out diOQiiilfililo* I t Is to ^ 
tiotfd tbi i tli^yr MMgr igwtiB «BV «Mii | £ ^ ^ 
or ii]eilMf«» msmm«A of «i» wr • mtMaaHim of mimmA dM«»> 
©Mta* Xa llw piowKb vfeaOtoB GK| fMi^tiooia*, bsib ao% giioeleiil-
oivwiao v» lm^mi3%mtm$a»» H M Unnd to «• * tiimm taMlAtor 
oi? Uio fcgfdVKdijralo of pf^tmjsitmi^tigAm^^AaB otO^ Is ttao pvwoQOo 
of !iiltc^ S»iOO tut not &II iW ofaMeoi* ^ » tibmrmMmm 
•msbttOlw tbo i«2e of ittoigHAo la InHtiincliig tte i;poetllfi&t^ 
of tl3o /)>»iiaoelo»ldiao8» ^lo HfuHeg HHA Q$^ pG^lottdi al«t(i o 
alje»d type ^ liMbltloa «ag|,«ilo Uitft I t ooto « t « s«|MMto tet 
iixt«««o(ti:^ sitft tAtIi t ^ iotlini omtoro Ibr p-f!lLtfosili«!^pl«olo» 
gUle (201) <m tt!o «(i«siM»* Bammw I t is sooiloor fRNi tlM psoMo^ 
sBfastnKfio ooalegm or a»t« 
to b» tnooeiaQeiii ind onipofid of fi^noit pQ&j^ Miptido of I40f060« 
(%% #B^Uo^do» Stns tl» Molijr laniii ^»giJl«etoiiSait B O M M 
to te vmptgtiOm to t2» 34«otoi|lo«nKyo fil«fiilflOlQtt<]tM ooftlvltjp 
iim) or ptidi I «Q«|Bo • • ^mmmA ligr fotiiite md mmM («?)• 
fbo eiugpo pm-^AacitMAimm 4 fieii naiiijif Iwolii tsl»m9Si (% iKi#lo» 
flidi oa^ loetoiQfloBiwIds oodi t^su e<n IMI wtfgstSitA oompmldbo to 
Qi^ po^lo^te jikplootoglteM (liB9) or pook ZX mm^m (aV}» 
BouBVor^  tlio iOMoQ fbr iOM of tb« dlfllHfoaewi t^mmtA to il)» 
ralotlvo r«t«a of fafaxeiisio of tta ^locOI^A oiibitMfeOi^  alUioa^i 
not ol»ar» aagr te aat to ttio dtf fiis^ iaa>gtwto qpwmlffrtloao 
iiflid iDd tli» «Mitllo m$im 9S tl» na^H^ bMUi •tugp* i%mAU 

^te i n JSdU^ Mollis. eliwp^^fitflt«i 9f &l«%aBif» to llw 
ill iw^ai»* f^ i**M»i4 l^iiBiif8iiiite ceid (Aiilicr •elis i i ^ } iVK^ 
iti p»gllJCHia<li9 vm wmiMs^ taw MsMgi$» tim l>lixlliii of M«tiBii» 
to 8iti^ lt«^LdB« tfwi ioft»0lii^o m^f iSi>0m m wSMmm mmm^^imtSim 
of tb© l^i^eidldsi S% («oiso»M«^«^ll©^a») w^ 0%^ (atsliao. 
also d ^ to Mfii IdlffliBitiio* '^m MXmA^ m^ntat of Miirtwulnt 
mMim§ mgne^%y por e^» of MM wm eio»fV»i« l i ^ ^ > G% 
tiLooUo > lipoaoeo tmmA ( ^ «bti^ laOlon^M tliat tli» tiloilng 
mo (30tp^ kta£t on 1 ^ mmSmw of i^ tift tsoloooloo p»r w i t ioifBoo aaFOO 
of tJboso wtiiBtsi^m* t ^ offtsit^ ooiaotoat «t oq^4Hi«ti» A»r ^l i 
%«8* w.m^wimM 
#f SMRn i^^ jiptiislaie «eli CHi4) is ^g^ioatami a^otii^^t to lis* 
mpiUfa d»09ti QMPite4 ^ y Wm% lii ^^diiil to « ®isl»v of gl^ r^ oo* 
Cifir%h lm«ii«i 09 ^«iii6l nieciiav mm«am^ 
&til«iSii» |0 a |fc«a0»ldgloi31f tts!y»t ss^ s^ aikOi (SIS) 
Ijt^o faas bam mi&m^'S m n p o i t l ^ mam of lisiiwtosaiil «{»aef^  
@ilitl«» imn* Stia SioaHI^ of IIMI mails MLmm tl» WH of 
Mdiii^ Qo to m Ipto ts II fii^iw of o(m|oo$i»ft iMfe amtiivi^ an^la, 
^gt4 asQiiiiaieiiit 10OI of Mjs^m^m %m^» IR^ I t 3 ^ 4 utit^ of 
ii» poiMiJbilo Ixsiai iswsB of MirtrvSAo la tto bpfdn l^ iofolbio 9ig0iW9> 
lo te of isllst9t^^^ In tk» $mms& «!<»% ^  M ^ ^ Mait^ 
Fig. 32. Separation of free histamine from ganglioside bound histamine by gel filtration 
on Sephadex G-50. (•), histamine,- (O), ganglioside NANA. 
ti^plOBlQi cfuwfclaiw iolpbit&y ft^ola^ obolttsloi^y aipoSsAtt^ 
lk>« (!!&&)• Siilsatei c>*90 (IXi») ««• «|iff«^B^ o£ HunwelA f I w 
fotaai ipi^lliOtSa^ firw tbt«p imAxk mm MfltaaUa wd 
%o tixAf 0ik£MM Miltt 10 dttMKrfUntd is Cliigtwf I I * 
otbofviid in^etiliaf 10 >QB»I9» O£ Mstaslfie and (^s^imiiim «o3liio» 
log lioo oeelfts of UMk mm tiXmM to talbtrmi la • total, velaitt 
of Q*9sl of «(|itoiis Mlotloasit 8fl^ 1 ^ 10 i^ teotoa^  ISiio idbeiofo 
ti«8 tiies pa«oia 00 top of • mlaaa of Sifl^tei OSD {X M%B m) 
e(|ilU1>nitid idtb mAw ma tbo olaUoii we d»!i» «£tii mlor* fte 
«t ^ » taold iroIUBO md tho Dr«e hl^tieAai mo ololod In ^lo Inoit 
AMilyttwdL xnoa^ kUHWit Tltttiiiitni H M BMUsnotoS M dMiH» 
oiitea bf afofostola ai^ Wisita (S&1}« iie^ttmlm aa& S«tityiteQiQ^  
ts9pit«idi» voio e»tii3ato4 • • <lMei&U84 ^  Sa^f^mf 9a& £loix>etaifti i9SZ)* 
SstliMtiaii of f^ roo tm htm& tlMk m» OBW m ditsflted in Olii|^ t«r IZ« 
ImaeHUm U.p»aom9 mm atdi £tm dIpaiMtoil ^ss^tieM^l t^a^Mm and 
Oao^osldts mM MM Ms^m^im ^s^ <^ vwoftal of S^ ifc Itooe fon^lo* 
8ta*» b7 ^ hKdoA dtglalattoa (ta diaoiited fiaar litiils la QU|I I«P 19) 
fWRdttodi in tin ooiiiA'^ tt b^ioil%tifta of tliB bliuStig* la^ tat Itut Dsno Mlai% 
tdaSlag ii£]ftlit'7 to |pi"i^ it*fff^ it*F iKt ffj|.w(tlfy oiaoHiitfMyieoif blvlMniao WM 
StmoA to glw «l» wstota blaaSc^ IbUoMd lisr lp«e&ai aaS S t^f^ ioiQP* 
Sbr slQ s^fiag t l» ofli^ Ml of vaslo(» a o ^ loat OB tfao jl^ i»>» 
t i m of hisltfsSxiOopQglloii^ OQBpIox fit* &AI1I3I&S aa^ mSminiWB^ &A 
fUtmbloa tf ta p«rlbxa«a is tim immsm of tiio daslctd oooeiPlfitlisfi 
of s^o astflS. imm iQ ^ » poanaoo of 101^ mam$>mMmm of SiK g^ 
ECI» Cod.} 0? IfgSlj} tlxao vao no ditootatifto Ma^ltt^ of Mutanitw idtb 
pa^lottdteff* Sl» vWbil i^ of tSso pm&mm^ hi8»iBte»*ew^to8ldio 
OQS^ SOX itt tb i I»OS8Q00 of Ml«dl IM30 IMO fllMSIOd l>7 tfaO oO^tloll Of 
nm m^A im and fodoeattlosiiiMog Um ^ ft(bm la ite pwaiBeo of tba 
9am ooaooelfftttoQ of tUrn mitiA im* 4 tota ^w»8liitl«o of tte pr»» 
IkMoaad aamfijm &a tfao pioiMaot of e31 ttio i»m w la l lent •»(tl«Did 
Za l^gtso 83 i« aluii:^  ^ » bludlaig of Htdmsim ^ tba weootiiSim 
0.4 0.8 
GANGLIOSIDE, mM 
Fig. 33. Effect of different concentrations of GMi and GDia gangliosides on the binding 
of histamine. Inset in the figure shows the same data as a plot of the NANA 
concentration of the gangliosides against the molar ratio of bound histamine 
to NANA. (O), GDia ganglioside; (•) GMi ganglioside. 
eitter Ci^ or 6%^ IbsM «•« ao dtlooialiils btofUag of httl«itif»» 2% 
is ADO oliKl^» firm F l ^ ^ t^uft 0%|i^  iMcfc liet tio f»2«8ai»i of iam 
l>^ «»l«^i» Mxt^ mm hii^mdm m eos^aiod to <3!|. iMdi IMP only 
mm mlms^^ of i^l4 pot eelMsalit* 'HiO (»ef« fupmnrnfiliig tto mUr 
isllo of l30i£«l litstflilm 10 um^ «t vaile30 ooootntfttliooo of tim 
MM, cQO%m% of G% «zi3 Q^ CiQMl io Flg^BS) sbotfoS « olaUM? 
p8&6«ra fixr teiHi tim ^H^^iosiaM itsd^^tlag thtfl tde IdttHog ^ li|pfiDil0 
oaly 00 tiB ^mm^m of 8 ^ « i i l^«i tei& tiii UBIk aolMaiUo ia GS^ 
« » oqpallF ioetoaltSlo to hiotiBitoi* 
Slsoe tho tilQ^ag of Mftdstoi to gtii^ i^ioaiSof d^ooSi 
oa tte gCMoaoo of MUk i t om It* oi^ pcosM^ as S»lleiitt 
a • 0 S£SA > n ^ 6ii& 
tlwRi 8 i i td»t«B&i» fii^ S-Jli^ tfco UgimXiemSmk em^imt^ n to 
poi^&l» to OiiloQlolo th» mfjMfhrim tmmoii^im mmttg^ n^g^ Sw 
Urn §^maMm of Hm ooi^ Xox m « i l l m tk^Um ofslMr of fOMUiig 
SME& aolitMiltfS ^ Han ft^tloidj^ oc^ MrtliOn* 
t o g ' I"* ' ' ' * . . ! - . . ! ! I « Q 1 ^ < I U ^ # • tog SaB« 
tluMR^  (BHIiSi) iO 1 ^ WdOf €0GI0QSt^ m$i0Q Of iilf%Aadi80*IIl3i> 06B|20)l 
MIKI I S SOBUMS^  to tut O J^MA to "UIBI oiKsoiiiflnlilim i^ temxl hlstww1n»| 
piS a^tiMOtifig tlio vsluis ^ i^3iB2d ^stflitSQo £^9 tot^ htttiirtiwi idiM 
sod (3da4)f is tbft aolsr Qoaoeatsst!o8 of itdioqiid umk ynam^ ia ttw 
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Fig. 3^ . Plot of log^^^ against bg(N)ffor the interaction between 
histamine and ganglioside-NANA. Only those concentrations 
of histamine and ganglioside-NANA where the ratio between 
bound Nstamine and NANA was constant, were used. 
Details are given in the text. 
^ft^m ma etfkols&ea ia iho mm m^ m (8)|> Hw mis^mixmism 
maai.%8 ef tlw MnOiae bttnna Q%|| «i!ii Mttwia* Htm toApm i^ 
ft plot of 3Nl (&-i«m}/(B)| Agitiiirt^  lot (SI8I)|^ mittm 
•spMlsMNl polnia ooffii9fti»3Siis to m oontlMt tttMio ot te»«a$ 
{lii^iis&tit to mm warn odoao to • U w idtli * itopt of H (&) «aa 
^ t i ^ « r t^imj^%iM$ fffloini 1*9 lOio fiwiia to lit i^lo to I4ad 
hl0(tBliiB« Qimm gn^looldts Iiet£i4 to Upossm idU slBlfi QIKI^IO* 
flidtes pansesi oa « sntt^not «irlko» m p f^wwU^ of ( i^^  gioigilloii'jt 
flcrnlolrrtng U^gommftt vm vm6m A ooopittMii vm aaOo of yMj, gmgllo* 
0^ill£t^ (AII^IO &8}« Uie MaMli^ ofPl«AflfM(r OQ t&o Irnds of tte 
M8t«Esla» boaaa por sio2«i of H l^&i IMS S& tl)» order or ^af^ ys 
ftao pKooKSt 0ti3c:t;r isowo thgife tht MatHag {^ htttiBino ^ 
(lao^toaif^ i» odcl^ ^ toolo £& ostaiv aog tlwl^  fim WiM viAi^Bm 
of dwlalatefl gHogPoiitiiMi to Mod l)i0t«Sat iH^ jpoKt tiOM qaat»Htlao« 
IQ tiM {vofnoo of Ci^» H|P*» SMf nad ^» Hio ofOatt? of i«i^lo» 
oldot tOMWOs seoi of tliito o«liK» i t kaoiA* dtoiiias of tbo 
iastoMHtjT of t ^ MitficdM pa i^ lo^^ w^im Ifi mMtk of mm 
m mmmmM. immm ^ mm t .mmm mm mm m^m 
^34t t f tV ^HNKV )ll^& pMkfSVU'V f INHMdft • JHflft > 
mi \mttAWii fti^OM 
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B^«lli «f« |^v«i la lt» I M ^ 
lev IsBlo ftnogHiy « «ta^ ^ Um0 dfpaatac^ of «te Maa&i% 
pmmiA to l)» Siq^ oaiAUc « mm tm itaSm mmm^m^imB •bcdlafaid 
or «Ma ligrir &aemt^&Piig^ m «Ul0ii nal Q or B la dUtwrwil Ml»«it 
ej^ sWos wio net «teo««ilia« 'itv mi&iio of & SMT tibs isfeoiwotioii 
bstiMto hlff^ -^^ tutt wS HUA of i«M|tfilort<itf io gf-wH r^ to tht mSiao 
o&tfiliitd flnr tbt MikttQg of 9>l^^aio«irli7|flt«la» to jangHwidMi 
•s ol>8«rf»a ^ Oe£)»i md i « B | ^ (i2$)* fte ^um viOai of S««l x i (^ 
roporl^ v«li» of S*9B s So^  Jtor d'^^diosirtij^tMdUitMiBa^oatSo 
Xlo tnhfnfw^ t)i|p<|'|fljg of lAotK&eio t^ ^^ t^ o ^  oqai^ omfl. to 
@^ 00^ t l ^ iDOllDilll I n t t e Mf^ dtffW idtISi tijghag QPllBffBtWtlaBMil Of 
fflngliottdoB ^salos^ tbst tiftiMlag io trnmrnd ^ o gs9«t«r oneibw 
of i i ^ iMt^ SoM jot ae2# of « » p*i#ioiia» m^ o gfoilMr tota 
zsiGBftor of flNHP^'^l' otMit^ i^d SiSft ae^ lwQDleo Mndltilito Aw IxtiidftBg* 
aa iniboioettng fsttoto w osea f i w ^ |^»S$ i t iM% ht&mi 0«i91^ 
eammiunS^xm of tbo gpoi^oildit Ci% 07(%|| tlwxo io no faiaOInQ 
of tdotfloiiii* fUtio Itnllotttft t^ itit o talfflfiMMi OQMMtfolloa of 
$ui#l«8ldM i» Bot^ oa fE»r tlw biiiiiog* IMo edaiisti o>06tifei»tloa 
^^«f9 to l» kd#or tbaii Vm ^ i t i o t l aiodUe aoosiOilfKtlMi of 
icr% £^r psrUoil^M (Si«}* 
motiidiio Madias per w^o of 1 ^ m tbmm IB XIOIIO iS 
« • i9pM4 «ft> ti» «tii«r i d ^ (SM}» la xm «^MDot oT d«b* oa t2» 
{MSttMMli^ ^Miipt la ^0 ItpoapwB darlog (be l^ltvaetioa of IIIB 
«Rla* <iitb lAI^ 9m «aa w l^jf <»tu(t£fete tlt«l laooipeiaitloa t f 0% 
lato 1^^010311^ i t M l f d9M ao% tnfl^iaiwt tlw totift ttadlag eapaoitjr 
af MstflBlaft* 1% %% a l » pivtani^a VBHSU ltetaia» a ^^t i lar piattta 
vlllt M aoSai i lHi p«F wSU Kill iKirtt a giraatar xadam at S i ^ laidi* 
4 H » p>r «^t ^iHaot aiaa «»l «ttiaai|atat3L7 A giaaiar aipaoity Ibr 
\&aMs^ m aeaptmid to a 0% aleaUa \lk^ aoo laoZiii alae XliSi pw 
tin (tf>9k££leaaBa af tba ^q^tiftg #f MstasAiaa to SK^IIO** 
sidaa laatliiB ta Ixi ainotAtt>dl» GaEidUiiMiAw baw tawi lianii la 
Iwia fiKN|iti» iffi^sllaa £9f taltiatta toitiit ^^ o^ Uisa toaia* Istaa* 
Dbioft aadi HaoSii vifoi («ft|aiOM04y8aft)« 1 ^ nOa eT 0»#laii4aa 
«9 ottlafal feoiptara af aiSaea la dooisll^ (828) • llw nAatlvifty 
low 1 ^ nitoa Ibr tl» li^aiasllaa bttiiiw hl»tiBl,n» «a^ gta^il»» 
elOaa is avldnieo aga&afi tbs tal9 af tlitaa ^sfooUplto aa aafeaxi^  
V96«i;}i6»i ef ^ asdiaa* Slaitoa Itarolvlag mmm&xOL^mm tmatoait 
tola ia^Mlad tiaab a ««(alM& iAS* «ar IM atMetUl Hir tba Utadtag 
tte pootolitod «ol» i»^  fldl^biAiii ta oodioB iisii %mmsiw% (Stt|8ai)« 
mm umM mm mms m ^M m:^^mmmi wim 
fm gW9 #» mm m njgnwwutt fim 
fin* fta» aai tettoiS ilalio aoid wolMi of mm^mwgiaA 
Mid OMUiHt iMR i&n i^llloaDlIf ^«v«l«d «tt2jr ia «•§•• e£ igrogpiAo 
Mtdogltlt tut not lo loban^oas «r vHmw ^ismi of tfai ^MMM* 
Slw owkfiiliiiM of maorlog firao lAilie n ^ la tli» oifii&feiqidiial 
SlvAA Ibr (UlSSiiotiliiftiag i^ rc^ poio atalai^Uo igm ixSmfmimB 
flwmlnfiiltlo HAS in tbo i«l«liiw OMO «ad fi|>ldtlr <^ tlw wdied* 
^nivm/Mfm. 
•Idvafttd 1««Q3L» ot totitl sUUo wldi io tt» Olf of pcUtelt idtli 
i!»iiS&0lU« of Qfuipoelftod o l l ^ ^ « O l^ooS* j | j | (tm) siipoittd 
«£»eiQal ooao«(i^ f*Uoa of £rio tliilie aeiU in llw C^ iT of pcllKiti 
ni «bo fis^Uns tjpioo of mQing;tUt ••«» i& tM.% mam* 
ao#osl patloiito ia txaJU % Xtfp ptioiot«ii «pt Mi^ iooioa M tid»»» 
ouXotia aialDStUOft flii ooib dtpodiiilo KKKW of SiiimmaMuiMMg 
ta^xwOem wmia^Utt imm psn®nlo o i fd^Uo lo t^ CoT etaltort 
tn^ feiftffBjlft twoiU4 "iato #)osill d to S VPIAHI* %iMB ItKf tlutljp fiioiftb 
«i i IbrtlwfiDio la potiootNi ilio iMPr* btoa p o r U i ^ Im^Md v&lb 
AQtittotiet tmMa* Un^ odoilfirtoQ ^MI roioXio of eadtsmi «i» 
vmaSXf mgMm* In m mAUr uluMSf (8^)t olovaloa fkoo oUllo acid 
va^tiio ta tiMi CSF of iwUiato idth ps^poio awitagtUt • • vm^tm^ 
to po&iffiito sofiiStBg fDM aoogyigiaio ebsoalo a»iitaslUo of votfooo 
t^oo §m otfcor Boasolostoiai tto^auo tiMro ^ooo eliMfvod* fliU 
gbut^ tma bOMi panaod ia pa$iim%» la nbea pMilU'vo «»14«iioo Sut 
ts MOMNi tlio asoMtwos of dit«»|Qij^i Dmi oiaaie «oia lovAo 
Sme ^ffiiraUotlog {^oa^lo Mola^Uf ^»a talHogKQoat tiiaia3ll4s» 
ofcfoaio vav* not iwlated Ite «a]^«» f I M «aa tatad di l lo «et4 
la 0«S ol of tte C&f «•• dit«»titd MOAvdtsg to li» atU^a ef 
ef tte c^ eeBpl* Sot egfeicwlSea ef taeoaa tAAia mM wm emled 
eiit «b i ^ to CJLS S^4 K)v 1 knr ( i l f ) . 
f«^le 13 Clwta tlie Urae eaS iMKnd fliaJte ida levile la 
1 ^ llwee Infiietetwfifl i t tmm^ in eA^UDO lo llw ejlitteil ^etoie 
#iig ot*biir evt^ bmoee* es tite eisiBtiwi fpRMi fiwi (^ ^ Is epdltaie* 
4 oMe ef tfpblUtlt MataglUii tm cwMi ef "wiM. auitap* 
i«tiMipl»Utls aaa ft aiMto^ ef eimtfel ptM.m^ uttti aoa^iefieUeat 
dtBiiiimiii en iii|)ie ;|f(y!^ q^^ $f^  I A tiMi ^iliile* 
fb$ tMKBS etilLie iflld IMS tviKfMttiXif hl^^ l a tfeM eetee 
e f lti£Metl«ii beylli | ^ p i ^ •• wAl m taSx^mStm SKitiiglUi* 
Side i e ia eBoiiff^ M»e «i«b I N vhememUmm ma&B W e^Mre (MS, 
ee^  a^ tie ei^ Aeljaed en tike be«la of tfce iaeieeMd {^ retilA 
s 
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I I 
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»«i n 4 t II 
gg8 8 e SaSSA 88 I I I 
||§8« I s gsegii ^ g 
«4«ta}#i» «4 « «4Cli i#«» • 4 « «4 
i 
% 
I I 
s •• 
! I ift tz 
th«t vvia ti» %omm valni £»» fiMi iljOlo mM iaVimQ^ oi^m 
pji^eole p«ti«il« (f? mAm/A) i» £»• h l | ^ ttoa tfes fel^iMil 
inOoM ftKma la tht O^ of piOiBlt nlUt fObifadiMii and ot^tr %^fpm 
of asMastti* «id of Urn oootftila* f M * o^MfVfttloa •«;«•• to 
iaofoaaoa anv Hm hS#ogt flOEAvel n^tw* 
3i» pTMiDt row&u mmXim tim onAitr ftn<»Bgi of 
0«lMa!vimi«l«a j l J I (838) la iMoti tl» tgm i^ KUo ooli loviilo 
of ( ^ In 8 piUtofeo of pjesaelo attiiiiiltilf oerl 8t ptttlooftt of 
taborcaOoai anxliigtUg iitfo lo^ r^toiU Maeo C^ ooltoio dato 
ym aot poalUvo in all. tiso «aiB@ ia I N oaxtlor n^wfloi voA 
(888)y tlia sa«aefl!& atu^ vao anteitidHm* Xt la oaooaliniblo tlu* 
t&» maym wmTminJAam liabitatod b/ tlia igrB8*&to ofifaBlaoa lo 
fOi|»Q9lfeao £»r tbo anhftnoaa firao ataaiio oald In ttio CS9 of tlMoa 
lj|WP'Wfc^ppjWP(P %i8Mvap^i0 •rW waP aaWBaf^ PU* ^HMW*" ajp^WMk ^ ^wwwPip'W^waw^ ^^^aaP^^fc^^^WSr I H ^ V 
•wn^^p ^ aBf ^ w^w^ s'^ iPa' ' ^ • • • F • • ^^mmwt^^n^K' ^as** ^W^^P ^WJ^^F s^pww^p •^^a^BOi^wow^^ ^^^^j^ ai^ »^ ^pi*' ^wi^w^* 
tlio ^l|«^^iot^fia m& gaaiPoiidas of tSia mrmm Umm m Hio 
•outt idalo^io^^iotalaB pcoaoct la tha GSf • 
te of blip ia HiB Mi&jr dUpoi&s wd ^|£tmiilS«U<» I I»«MM 
psnofwkio ia^ tyiivieaiMM Miili^tl«» ^ «sJMiawd trio •U&Io aeld 
In tt» CSF &9 laSMftiiw of {fogmte onlai^tif etnatd tigr tlitM 
m$fuA.9m liiicli itfl«Iiovil« niiirftnldaiwa I t litf poiisa^ t <ia&y tie 
l^tMi^ ««ifta@M» Out is tlacty la woSniltia mam^ tor MKNNna. tUviM 
o£ MatQiMiooci ev g» Inllmniif tMab ^ iB<b «&itiof«W IIMI I M I M I 
magmAsAJimm (831} ilsa M # Dpaft »ta&t« aeia l««iAi in CS? ««iaBt 
l» «aq;»et«d« Gal^  use |»il.U«i OBM '^ ^ ^i liUMIiHf ^ '*****^*** 
iddi avsfiil fit»« alaate Mid ImAM %m mMaiA mtm ^ o^OiA^  
pgl^ lQUtt niMttad ^otc t2e|i«ftol of tMt SuvotUiitt^i* JaolliHr 
aiAid»B»feifi i i duit ia Mxid IsfiMilieat of li^h p^fwie ioi 
liib«»{t2o(i» OfgudiBui firto oitiio aoM lloviAa vil l |Qilftti6o only 
tb» pjn^aale laXlicllQft. Zi bat hewvor ilo «3f«alap la ttioat 
G«aa« «bafo fooolti ea oaXtoio aiv Bagfttivo ^m %» partiaat aiiaioal 
tmaloattt m ottonAw tMOiaaa «««a ta eaatt of iciopQia aMtaglUi 
ijt«vo paytlal aUnieil tiotSMoofc Ma baoo gtirai tht iaetMMd firot 
Gia2io aold l,«vo3^  ia c^ mo UMBdi to pertiai CS^}* faitli«nMt»> 
psofloacufo in oe^ gartaoo to «a(afo tooioii^pa* H idl2 ttefofinw 
oftfvo aa m adbHtSeaal H M M toal ftr #flNMiitliMBg p^OfMio 
wflairfwtitfciB AMI 'Ms^ bMRKiloaa aaidaidtla* 

&t i0 iietsiijte to «fx&«» tDb warn gMwnO. o&aolfisloai n^afilQg th i 
Qh^ g;t«X9 H to 2V bil2^ So9it ettit«lii pelalt of tfliai)i«i« ^mts^As^g 
tba oQiiTiaB oKmnlaldiiM tite f«6% of tlsto aidld ^loocltltfw < o^ "*!** 
I^ ioosi^ teuwp />>>giaLaeito9iila0» and ^mamttslh^^tmBmirA&mm) ««o to 
&. c K i ^ oict«ist waa^Oo in tte b l ^ ffoea (R^onw^iato of b n i a 
tioffiB Odd Aso flgmnBtf^t to purt flfMrtl*>fi to a fll^Bl£l4nsi dii^ pwo^  
ia» mmgrn nmarayialdUiio boyovsf ipijMHo to to tIfilMljp iMQal to 
flWB?iyai» flttoBtoiost poosSI^ ttio iynai^ toorwBg (49«iS9,ittpi43}* 
%'biit Sootiit CoQo&Qtf'illii -^  llsjdod to i^^ilioiQot tuui fawn 
ooBd iMi ft tesr t ^ i a t l» pofiftoailloo of a l l tlie tlifoo g^Lioooldaaio 
cMm&usoaMmf />*iali«toai<i«80 atadl S»oQQ^«>;lH»»MBlaiaao6 of 
^Kiiiw ^^ blo loetio iitto ti^ o 0g^lilM oHlait? Seif tba MOOOSO a i^ 
gjlaoow lo^^aia of ^foopiotoias «aa oo oaob i t s^ooio oiftolii 
t&at a l l tbo tbeifm mssgma a n gflioop r^ototi} i a Qaliiivo« « ooadoslOQ 
in aa^offe of mm oax&ltr SkifSixi^ (1^,103^99,909) • fbo to i^ i * 
waStmt& dap^ adbWQC^  &3it (d^tstli^ of ^bo maigsM Dcots tlio (^ iNbipSfiibwRciM 
ooloH} ^bofiB o siMliftt;^ of t l» moiSm^ bndo « i i p M to tto Uv«r 
ji^gpOiK^slitaoe f«|ioit«d ooxilor (aot)* 
tt» caoltAplieil^ of oeia |^|oo«t4«0i0 fkoa ttxtm» 
UammB litf btm tw^BsUA itm Um to tint IKII tlm d«lft mpixr^td 
io tbt ^(Msdl&g dMfiUra rvfMl tlis •littttaeo o£ tow Mthtfto «>• 
lOBom Mil t l i i * fl»xa« «f tte Miiiyw* lod tlba$M cfeanKstotifftles* 1 ^ 
«iMspgi0 Owrv bfm b^m no n^perl oo tto idlsioQfl* «£ aift«v»* iOtenw 
of i309FtieQdUrttt nanml nliliim illliB3ifti wtMh ftew tm* tewi lossiii Io 
ox&iH to th« niliibto £N0tlflBt (i49)» 9l«i ?ig.lO of «iia{yl«r XI 
H io «viam(6 I IM^ t w ISevm c^ tht Tsitoa » l iM I i t»a mannlisldaae 
tim almip tanAa eao te mpiml^ o& Baslba^m G*aOD» ifiltboa^ tbtSr 
gabftsoto BpBelfieiV ^ M * OO^ tip^Mtat to tit eiteb difIkiwafr* ^xxi^ 
tim p^^tldOi^ Loil atpt^loiiiot of tbmt $m Stmm ^ tlie mmgrn la 
not eloar reoaot i«|»if« oa » BiwirwBintdiat f^iLoSoae^ ^ 0H»tSQ 
WMoUpiaMlB 2 Old I ! C«l.««8} oia pHiUomir iil,fflaflowa» to tte 
•listanoo of im mXmmlmt Seam of bratti nravtoliildiao* 
$1)0 tiooo a»l«odL«r Satm of oC«Ii»i>ieoal«aftao fkoa aendBtjr 
tyylfl fl^pottf to bo O tOtSlMIW dtlOOS' fUdi SOPOWHT V&lih M A O M I M T 
tioiiMsof 885,000» US|OOQ aaSfSySOOioiliooaiolj* £!ao oidoUBOO 
of timm 6awm of libto notd^^ loala oeuipas &•« «!« IMKI ealietaa^ bUilod 
t^ ft titpboiio faoot InceUftttloo oarvo cia %ltB ^iaiimHH^ O&ff^ uniit 
£iB activity smi$M9 of tbo o&^pn sftov 4i£SKmAAA tsmfi liM0tlir»* 
tioa* 4 ooiioSUitSoii botniia tti» tiafoo aoltordwr fbsw of tiw onigim 
and tt»ae ilfftlapiitfialilo bgr tteir tofit otiwltlviif mH. p8 iotivit^ 
pzof 12o hao iSlao booa iyigpoto^ 
l!» flpoelflo ooUvitloo of tim ^ h^Amio^i^kmB ka^Q 
of {sonttB^ f bKo^ ofo tbtt hlijhoitt limai oaii^ ]om4 to tbo j^ gsloBtcNid^ iiiisiM 
flWKttttoaa i^pears to Iw fSoiUr to tt» Ime p«ai» of /Ivfalioleoi^biais 
£koa hoen teslii Mponblo l^ pH llltx«tioii (87) «aS y^l^ mn 
li|>lio«l«a in ;i]nifeitxi<i OifiMs mA a ^ gw^oildMls* llit «tadPlip» 
taii%f of « ptwilto^ «i^yat Sim aoa^ toBMn priaitlit iAiiloy la 
^•e l l lo lV te ^t^ imoliNid to .^ s«£)bo*a dimmm^ eliotaM n t o It 
podf^ UOo to 8l(t$^ tilt iwEtOQaiogleal aod otiiir lolooollffv cfesr«Gtl«i^ » 
tctSoi of tliD ozapo ISsf • bfttor tBxl««laaaiiig of fl» aiHMPt 
MsaaiM&m&oR ifixiSiM min$ Urn ocHIMisr dffolosi^ 
i^iiaat tl» pa<if}«4 nnidiBf^  tei&a oC*2ii»fitoc»iidteM gsM IBW iafe«oittes 
fOBolts* 'ib» liralQ «uQfM faoia oaly perlial litit2a»logto^ ld«ilitjf 
uitl} 1^0 oa^wm prapitmd flm* tto mm^wml tiammn of aozfiaisr* 
i'«ctili4 lawtity «•• tftfo obtoivodi idUk mrngm* pe^muA tmm tama 
liirvr mud rm% l i ier ooa tvaia* %tm ooljr ooiyao iMKtaoleglOflUjr 
stftilair to Um mooki^ brtAn mmgm ma Cmm ixmm fandQ, ladleildos 
& bsmoBr'yitim^ rel«UoDshlp. Ilxis i f ikm ma^pm in^mamA 
tl3flt«psr for ii^x&titljlo (Utordoro i}iQOHM • pooilbUity« %tm patifSo^ 
to 60 ooKJi fl»r ite i^dsttt v&th £Ueoti4B«l8# 
!lt30 SQai»Bl«4 lOlO of glKyU08ld»9 IH lllliaiim tO fBttOOS 
mimu and iSzt^ of phamoonilogioil viAiMi (lOMCSf^) ffiQeo»iie»a 
II sto^^ of tb» po^HbH xo2o of jBi^ioffttloa io ttio mrvons isrslM 
la tidoMog to MtftflBiai (Cb^lor V}« ^ aatajmlo of Ibi voiolto 
froB viilKifi ac^ UiO ^Duod ibg& tlio biodtfii of Mutarint to 
sigpilloiat fo3« to Ita Madias ilxilitr to bieUBtsa* S!» M ^ ^ 
tsMfedtAa QCtsoNi of tte h1jrtfrilit#»iiMnfl1toi1<J[> OML^S Aid tbo M!&itl'fiAar 
bll it^ of OMi^ lloiJUiM «• ttaii •padUle ailai)B2 wm6mm t^aptan 
SOT Moturtftfrf 
S!i» rtoiltft oa £lPit iliAie told l«* i l ia tte otvilitosplQal 
ottiOy taiatdi ofO^ la mm» of ^fegv^ iwalagltti, tek flo% la otbirtt 
ittt dotondaafelOB oS Stm olidlie aei^ ^OKI^O ia tte <NHMii>iiM^ U3i!L 
Coldi Cuitbla oovtoto llflltaftloao otalloaidi la olu^lir VI} «e o 
(SlogatMrtIo i l ^ la nogBOle auilia^lli tpdoaam jmndilag la idUiv of 
th» fiiliiUvo Mpl^ijf of t ^ tost ma boaiiSM of ^le 1 ^ ^ lowdo 
obtorvod o«oa la p^ fclooio poiUiAljr Uoolod t f i ^ ocitlfaiotiM 
%imn coltaio toilo lotailoiair givo aoi^llvo foasftto* 
fiirsEitcss 
!• mm, l «4 UffD) k^CflS* OMW B M . , 8» 4l<^* 
8, mmm, s« (I^TO) owt, a^rt. tA^ma, &, a9^-»f« 
3« lllDli)« C«y» (197$) atfli* Ii0f«» 80« $S^$m* 
4, a m , 3.0. tad Vim, ik {W&} mwMm* mo^bsfB* iitkm, OS, «78»SJ* 
f• sm&n, i\3* sod miilQis« o,&* (iftM) ^M6r, i48tb imr, ctesw 
U. l^mXk, A, <19M) J. Jto<ili»«(i:diJ9l») S»» ift»<^6. 
I t , KASQA, 4,» imam, G« « ^ m !^££»A« i^ . {19H) 5m JUidbte, 
14, tlf^maiS, iM»t mSM, ^ U , ^^il^i* ^, i . aed tl« I*f, a977) 
l e , HlgSKp E, iX^m) a, t^^lol, Cbvi., 873, t%^m^ 
19, !^ 3BEI3jp &• (1970) OtMB, ^^ 'hri, lipiai» S» S0&^9, 
18, dxu^immsmm, i^% cif7«) ai0<iiMi* B«r,, 4f9 SMift, 
19, fSl^liil!^ F,B, aoa a a i « M,C%, (1916) Mmm^ IMp 90Mlft, 
at^ amis, s«, uisai^Pty s . tod HioSt e , (1961) iapw, a)Mi,» 
21, mSM, -d^ lad msm% ¥« (mS) i , tt9«lx»^ C I M . , sao, 219-«36# 
i»« mmm, «*«&• (JL«94) cbii* i%iu iiptat* &3» so»»iii« 
30* S£I0l3i>» B, oaa i^il^XDt 2* C199A) l^aa* ^^» MofitoB»« 
n^ spi^p lidd* (itfs) Mv« aw%« ciiM,^ ar» t49-4i7* 
33« nmwai^ ii«D» ( i m ) ABB. I ^ * jsedMutt ^ # itMos* 
88« SFXiOy E«a» UtVC) loa* IWV. ^ediMi*, 89* 999»i88* 
94. SSMSKia* E* Ian mUSMAIi* 0 . i . (1991) T^, 0iol» OMI** 
840» 889a»tm. 
8d« mmiotmt, a* (1978) oiyotj^vitio*. pari i^  ((^ UMiutiUc* iUt 
«d*} ];)p«8tt*98S, Utmimf |gbili#tag CmpMir* ^B0&«^te« 
84« ai»!Bo» a«a. « ^ srsso, ^ j , (1944) J» Biai. am*» 8tt» tmuitm* 
89. aaas^t !• <i975) In Qm^0» &«lMi9<3«il44« |p*i89»184» 
3d« 2 ^ ^ i ^ , l(.J, (i9r&) 3elM04p 18S» 9i9»m« 
39« %:^ Ji€BI£a» C*«U itaa I^mSi^r !»• J« |199l) i»Q* B«v« Bldclwi*, 
49, 9i»U8, 
«aa C^iSHlAf A#Xi (1973) I^ RW» diAl, Ji«4i ^ U * TOf 
3$90»IWM» 
41* mOASt a»^ *> li^l£mi^» ii*3» mux iSmm>^ ll*4, {i978) 4* i)tol« 
4a, ^m, &.f.^ umm, i.^, m& msm, i^ *&* c&tf4) i^o* s«a , smou 
ii^mmm^ F» utss} aiMtei. ^«, «c, 404««i?» 
44, PXSQlif •^?« «iia mn, B«3,, Ms, a96f) Ifmmtm ia msUgy 
47. Qi£7, 4i« (1970) Ct)»s» i'^ IWt O ^ ^ f S« 23Si44i. 
49, (»^^« E,, r^-liai, 4, and l ^ i s s m ^ t L, (iftO) Mmimit^wi, 
49. ei^ ^a[aiiii}> c*u mA mxmm, ^ (ivto) s. mxA* OMM** 
so* Tism., u» ma m^m^ n» (ittt) Brain nm,^ tm, S8S»S3S» 
iao>'t9S*sc9* 
934^ 8T9»3iB. 
54. Urm^ S.C. (i9{^} 4 1 ^ mMtm* BU^It^u l^$ 44&-4«8« 
S9. lgfi£S» E.O. (1913} f«6m nm,^ 38» IM0-(I«47« 
39« Q'mcm, 4ii. a9ff) CHa. C«iiit.p •» iO»-m». 
l ies. Ga9Bi$a»t 99t 839-SAd. 
63. o^:2irw, !•« eaym» x^ mmM^ ;j* tana 4:^£4i2iisi^t o* (&§7i) 
K^mm^ Ei»a«, lasimt jr«» ^ mM, ^•u* ^na a m o j ^ ^ s^ . (1974) 
68. F i ^ ' ! ^ , p ,&, !iji» -^«a«» $Mji4a^, j«f*» m i^iH, a«%» 
t:i0MBi3p i,i« «sa cf^BEiS^y H« (I07S) :;^«ixo» i8?» <^fo* 
Q% m^JSlf H* ^ ^ I0«2M» f • (1&70} l%oc* ^fiU. iK^ dU adUf 
90. S ^ » J*^ (1990) 4^ :li3Q09, 167, iS^2flft9« 
^ , 8a«9S« 
7a, i^ aiiSy e.%, ^ g ^ a , ^.i* ma iBbmm^ o* (1^0) dSdetea, 
77. 03« r^l4. (1973) Uii^^bm^ «l«, S36, TeS^T^), 
78« 0), E.IJ, fia^ i m ^ i s«a (i573) iitscfc^i. J», BS, a^^»ai3» 
79. EH, t^ ^ t^ ea^ BliiS, t^ il9^S) OicdiS©.' iUapJ^p. e^%% 897, 
&&7<»373« 
80, Via ET^, F, fisaa l i ^ , a.U. (1963) Kar. J* t^cxtoa,, f, M - ^ 
93. mumm, J.A., HXIISJ, 4 . I . , lw";iS3, 0.IW ©ad 0»JI!33, 3.:. 
(1974) CIta, Chls. Sclft, sly S07«m9« 
S3S»S4a. 
07. mmm, :!•::«, muByo, ^ , u i a w s , 3, «ia i::mD, 'j* {i9?4) 
9o« PMD» j» ma 'dsourm, e , (I^TS) a i a . atiia* acid, s&, 4as^ *4^« 
OKI £Ei&B» j ; ^ ' * (1973} aioote* mjSip^»^ Oos* Osanssi*, 91, 
aS3»3.9d, 
94. ai3« D., uLM, 0.4», E^^^!^, D» mO. mOm, U (1974) J . DIscbas., 
m^x^Wi m , U3, (S99I) j« :&i3f«G»* Di@», sjd, as^os* 
m* GimimmB, i\ (i979) aiocsii^istsir is> sMf-^^, 8$s&*9i60, 
9Sg^S&77, 3S7^333L» 
97. o m , D.:!, aU H2B, C*a, (1?^S) J . i^^al, ebis . , 8i3, S48*-6«3S. 
Psco* l l i i l l * i : .e^ o c i * , 78 , 8SaD*'SS£4» 
mm^» u^m ix^m) a?oc« s^ii* ^mti* . M * , f9> lonnxosr* 
m , V£a E>2:mio, w «^, cis?4j iifeifii» ass, a&^^of• 
s^skii), ^.^.^ mm^ !«&« iiaa a^m, B.CV {xmm usm* I M I , 
im» PiL£H^» p,ii»» i}iifiiij» j«£*, mi^^ B«o* ^la a i ^ i , a* 11974} 
io9« i'i^» £• €{^ rjm;.a» ts* (ii^6) axuia it«i» so, 3ID*344, 
iio» t . n ^ « 0«w eaa a^:2 , j«i^, (ises) itoo* n a ^ i^i&, m^^ 
isi« F^numi, 0* £ ^ UB^ osEp ^ Cam} a2|)9opio««ia% i^ tift 0 
laS, Bi^ By 4«0« aoi ans:;^'^, «j^ » 3 .^ (S098) «^« i^ «^« Qae* 
I ts . PSISI, f,» aiia^f !!• iBi %,m.^^ 1% CS979) ilce. Ilstl* m^ 
aia* ommm, u» m^Mm, D« m^ okimim, ?, (1994} oaa^* im*, 
i&9* i n i a E i m ^ y ^ msl l^wli^li^y i^ « (i073) k*mQM sm.. ^e$d^ 
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